簡易的な移動体衛星通信車両用アンテナシステムの開発 by Basari
Doctoral Dissertation 
 
 
Development of Simple Antenna System  
for Land Mobile Satellite Communications 
 
February 2011 
 
 
 
 
 
BASARI 
 
 
Graduate School of Engineering 
CHIBA UNIVERSITY 
 
 
（千葉大学学位申請論文） 
 
 
 
Development of Simple Antenna System  
for Land Mobile Satellite Communications 
 
簡易的な移動体衛星通信車両用 
アンテナシステムの開発 
 
 
2011 年 2 月 
 
 
 
 
 
 
 
 
 
 
千葉大学大学院 工学研究科 
人工システム科学専攻  
メディカルシステムコース 
 
 
BASARI 
 
 
Abstract 
Abstract 
 
Mobile satellite communications offers the benefits of true global coverage, reaching 
into remote areas as well as populated areas. This has made them popular for niche 
markets like news reporting, marine, military and disaster relief services. 
In order to challenge these great advantages, the Japan Aerospace Exploration 
Agency (JAXA) has been developed satellite mission technology called Engineering 
Test Satellite-VIII (ETS-VIII) as one of the largest geostationary S-band satellites in the 
world. The ETS-VIII will conduct various orbital experiments in Japan and surrounding 
areas to verify mobile satellite communications functions. The mobile communication 
technologies adopted by ETS-VIII are expected to benefit our daily life in the field of 
communications, broadcasting, and global positioning. Quick and accurate directions 
for example, can be given to emergency vehicles by means of traffic control information 
via satellite in the event of a disaster. 
This research is mainly aimed to develop a land vehicle antenna system for mobile 
satellite applications, in particular for ETS-VIII applications. At first, work is begun 
with the design of a small and compact antenna, which enables to deliver voice and high 
speed data for multimedia communications. The antenna is designed and developed to 
meet the specifications of ETS-VIII requirements and optimized by widening the 
impedance and axial ratio characteristics of the antenna in operating frequency band. 
Based on the simulation results, the antenna is measured in anechoic chamber for basic 
antenna performances, which it satisfies the specification and the target of land mobile 
system for ETS-VIII applications. The antenna is arrayed in three and six elements for 
receive use and receive-transmit use, respectively, by arranging in circular path to 
realize a compact structure. Each antenna element is electronically on-off switched by 
an applet inside a control unit in order to generate an antenna beam at the desired 
direction. Considering to compactness and easy installation, our study focuses on 
microstrip patch antenna. 
Work then moved onto the development of a simple tracking antenna system and 
integration of the developed antenna on the antenna system. Here, the antenna is 
integrated with a switching circuit to realize a compact and smart antenna system. 
Chamber measurement is carried out in Chiba University, where an artificial platform, 
which represents a satellite that radiates continuos wave (CW) to the antenna, is situated 
at elevation angle El = 48°. Emulated satellite is a left hand circularly polarized (LHCP) 
directional antenna mounted in certain direction. Meanwhile, the developed antenna is 
put on a rotator, which represents as though a vehicle motion during communication 
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link connection. Complete experimental verification is performed for beam tracking 
characteristics of the developed antenna. The data is characterized in terms of manual 
and automatic tracking method for switchable beam characteristics by using our 
developed applet on the control unit. Moreover, the effect of radome and ground plate 
on degrading the antenna performance, which is installed with the antenna, is also 
investigated. Next, the antenna system is experimentally confirmed in outdoor 
stationary-state measurement to verify the satellite-tracking by using unmodulated 
signal from the ETS-VIII satellite under preliminary test for field measurement 
campaign.  
Ultimately, our developed antenna system is installed on the vehicle to conduct 
various field mobile measurements by utilizing the ETS-VIII satellite in order to verify 
its validity in the satellite communication structure. Overall system is tested for its 
performance validity not only propagation characteristics but also bit error rate (BER) 
performance in various areas and environments. Two major issues in land mobile 
satellite communications are blockage and shadowing of satellite signal and the 
multipath fading. In order to have adequate information about the propagation 
characteristics of shadowing and multipath fading as well as BER impairment due to 
blockage and shadowing in mobile satellite link, we analyze the experimental results of 
the fade characteristics and its average BER performances. Different environment gives 
different degree of attenuation, which affects the BER performance in terms of fade 
depth, where it would be quite a contribution to the design of future cost-effective 
mobile satellite communications.  
 
Key Words: Antenna system, bit error rate, ETS-VIII, microstrip antenna, mobile 
satellite communications, propagation characteristics, satellite tracking 
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1 Introduction 
 This dissertation is submitted for the partial fulfilment of the Doctoral degree, 
which has been carried out in Graduate School of Engineering at Chiba University, 
Japan. The personal research has been performed on “Development of Simple Antenna 
System for Land Mobile Satellite Communications”. 
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Chapter 1 
Introduction 
1.1 Background and Motivations 
 
Personal wireless communications is a true success story and has become part 
of people’s everyday lives. Whereas in the early days of mobile communications 
Quality of Service (QoS) was often poor, nowadays it is assumed the service will be 
ubiquitous, of high speech quality and the ability to watch and share streaming video for 
example is driving operators to offer even higher uplink and downlink data-rates, while 
maintaining appropriate QoS. 
Terrestrial mobile communications infrastructure has made deep inroads 
around the world. Even rural areas are obtaining good coverage in many countries. 
However, there are still geographically remote and isolated areas without good coverage, 
and some countries do not yet have coverage in towns and cities. On the other hand, 
satellite mobile communications offers the benefits of true global coverage, reaching 
into remote areas as well as populated areas. This has made them popular for niche 
markets like news reporting, marine, military and disaster relief services. However, until 
now there has been no wide-ranging adoption of mobile satellite communications to the 
mass market. 
Current terrestrial mobile communication systems are inefficient in the delivery 
of multicast and broadcast traffic, due to network resource duplication (i.e. multiple 
base stations transmitting the same traffic). Satellite based mobile communications 
offers great advantages in delivering multicast and broadcast traffic because of their 
intrinsic broadcast nature. The utilization of satellites to complement terrestrial mobile 
communications for bringing this type of traffic to the mass market is gaining increasing 
support in the standards groups, as it may well be the cheapest and most efficient 
method of doing so. 
In order to challenge the great advantages of mobile satellite communications, 
the Japan Aerospace Exploration Agency (JAXA) has been developing the satellite 
mission technologies from the first generation until the current generation called 
Engineering Test Satellite-VIII (ETS-VIII) as one of the largest geostationary S-band 
satellites in the world to meet future requirements of mobile communications. The 
ETS-VIII was expected to conduct various orbital experiments in Japan and surrounding 
areas to verify mobile satellite communications functions, making use of a small 
satellite handset similar to a mobile phone. The mobile communication technologies 
adopted by ETS-VIII are expected to benefit our daily life in the field of 
communications, broadcasting, and global positioning. Quick and accurate directions 
for example, can be given to an emergency vehicle by means of traffic control 
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information via satellite in the event of a disaster (JAXA, 2003). The configuration of 
the ETS-VIII is depicted in Fig. 1-1 and its specifications are listed in Table 1-1. 
 
 
Fig. 1-1  ETS-VIII satellite configuration. (JAXA & i-Space, 2003) 
 
 
TABLE 1-1 
ENGINEERING TEST SATELLITE (ETS-VIII) SYSTEM SPECIFICATIONS (i-Space, 2003) 
Parameter Description 
Launch year December 2006 by H-IIA Launcher  
at Tanegashima Space Center 
Design life Satellite bus: 10 years;  
Mission equipment: 3 years 
Orbit Geostationary (146º East) 
Weight Approx. 3,000kg (initial in orbit);  
1,200kg (mission) 
Electric power 7,500W (summer solstice, 3 years after 
launch) 
Altitude control 3-axis stabilized 
Altitude accuracy ±0.05º (roll/pitch) 
±0.15º (yaw) 
Antenna pointing Overall accuracy: within 1º 
Polarization/frequency bands Left handed circular polarization in L and 
S-bands 
Main structure Transponder, onboard-processor, high 
accuracy clock (HAC), and feeder link 
equipment 
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In the end of December 2006, the ETS-VIII was successfully launched by the 
H-IIA Launch Vehicle No. 11 from the Tanegashima Space Center, in the south of 
Kagoshima Prefecture, southern of Japan. The satellite, which was injected into its 
scheduled geostationary orbit (at an east longitude of 146 degrees) by six orbit controls 
and checked in good condition of both the bus and sub systems and mission equipment 
except at power supply of low noise amplifier (PS-LNA) at receiver, was moved from 
the initial phase to the regular operation phase thus it could be used in a regular 
operation for communications (JAXA, 2003, i-Space, 2003 & NICT, 2007). 
The development of the current Engineering Test Satellite VIII (ETS-VIII) is 
specifically developed to meet the following new technologies, in orbit tests, and 
experiments (Yoshimoto, 1998). 
 bus technology for a three-ton-class large geostationary satellite bus 
 large-scale satellite-borne deployable reflector 
 mobile satellite communications using small ground stations such as handheld 
terminals 
 fundamental technologies for satellite positioning systems 
 bus technology for a three-ton-class large satellite will prove essential in any 
next-generation communications system designed to meet increasing demands for 
higher-capacity communication 
This technology is also expected to serve a range of further applications in the 
establishment of an overall space infrastructure. At the same time, the large scale 
onboard deployable reflector will prove essential in establishing a satellite-based 
small-terminal mobile phone system. The technology used to develop this antenna will 
in turn be applicable to future large orbital structures, such as a geostationary platform. 
The service area of the ETS-VIII is expected to mainly cover the Japanese 
archipelago from southern to northern part with 5 (five) phased array antenna beams for 
handheld received level design. As for other terminals applications is wider than 
expected to broad the great advantages of mobile terminals such as portable and vehicle 
communication system as clearly shown in Fig. 1-2. Additionally, in S-band 
communication, the use of a maximum of 2 (two) beams is simultaneously possible to 
increase the capacity.  
Figure 1.3 describes some of the services made possible through the 
technological developments with the ETS-VIII. The mission of ETS-VIII as shown in 
Fig. 1, is not only to improve the environment for mobile-phone based communications, 
but also to contribute to the development of technologies for a satellite-based 
multimedia broadcasting system for mobile devices. It will play as important role in the 
provision of services and information, such as the transmission of CD-quality audio and 
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video; more reliable voice and data communications; global positioning of moving 
objects such as cars, broadcasting; faster disaster relief, etc (JAXA, & i-Space, 2003).  
In addition, nowadays as can be seen with the spreading of the GPS or the 
Electronic Toll Collection (ETC), the vehicular communications systematization is 
remarkable. From this phenomenon, in the near future, system for mobile satellite 
communications using the Internet environment will be generalized and the demand for 
on-board mobile satellite communications system as well as antenna is expected to 
increase. In order to implement this, we are enrolled in the experimental use of the 
ETS-VIII and develop an onboard antenna system for mobile satellite communications, 
in particular for land mobile applications. 
 
 
 
Fig. 1-2  Service coverage area served by ETS-VIII technology. (i-Space, 2003) 
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Fig. 1-3  Conceptual chart of mobile satellite communications & broadcasting system. 
(JAXA & i-Space, 2003) 
 
As geostationary satellite is remotely located at distance about 36,000 km from 
the earth, the incoming wave is very weak. Consequently, it required that the antenna 
for mobile satellite communication has a high gain in the case multimedia 
communications performing large-capacity data communication is aimed. Furthermore, 
when thinking of the integration to cars, from the point of view of the car design, it is 
recommended the overall antenna system to be dealt with the mechanical properties 
(includes compactness, lightweight and easy installation) and electrical properties as 
well (such as operating frequency, bandwidth, beam-coverage, gain, axial ratio, and 
tracking function) in order to install on a small car robustly.  
However, among the antenna systems for land mobile satellite communications 
proposed so far in Japan (Ohmori, 1991 & Nishikawa, 2003), it is necessary to embark 
phase shifter, electric motor, etc., especially for the antenna system equipped with 
satellite tracking function (Yamamoto et al., 1994), resulting a problem in terms of size 
and production cost. 
In order to miniaturize the dimension, various antenna designs have been 
developed aimed at land mobile satellite communication system for ETS-VIII 
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applications (Delaune et al., 2004, Sri Sumantyo et al., 2004-2005, & Tanaka et al., 
2007). The performances of the antenna (Sri Sumantyo et al., 2006, & Tanaka et al., 
2005) have been evaluated in outdoor environment by use of a pseudo-satellite station, 
which is installed at the building’s roof top. The measurement results agreed well with 
the simulation results, where the simulation results were calculated using the Method of 
Moment (MoM). Moreover, high-frequency switching circuit has been developed and 
experimented in chamber test for integrating with the array antenna to realize the beam 
switching mechanism of the array antenna (Kaneko et al., 2006). In the last research 
achievement, the aforementioned configuration of the antenna was examined in the 
chamber test to verify the beam switching performance (Tanaka et al., 2007).  
However, owing to large cable loss, the configuration of antenna worsens the 
antenna characteristic, and yet more complex structure and dimensionally took volume 
as well. Therefore, by considering from the point of view of antenna system design, 
such configuration is not effectively applied for future system miniaturization and costly 
in implementation. In the previous antenna design, the characteristic of circular 
polarization (i.e. the axial ratio) when beam-tracking occurs is not measured. Again, 
since the antenna will be mounted on car’s roof shown, the investigation of the effects 
of ground plate and radome to the antenna performances are also required.  
There are also most important issues regarding the implementation into the 
experimental use by making a communication with the ETS-VIII on developing antenna 
system for land vehicle system. Several worthwhile factors while performing field 
experiment with the satellite in terms of propagation characteristics should also be 
considered and evaluated to provide brief information regarding the hindrance factors 
while the antenna system is employed in the real environment. With these results we 
can expect to design more cost-effective antenna system in the future mobile satellite 
communications technology. Such several issues will be briefly described in this 
dissertation. 
 
1.2 Aims and Objectives 
 
The main aim of this research is mainly to realize the overall antenna system 
and establish a mobile communication through the satellite by designing small and 
compact antenna, developing a satellite-tracking program which utilizing Global 
Positioning System (GPS) receiver or gyroscope sensor, and data acquisition program 
which utilizes spectrum analyzer for field measurement using the ETS-VIII satellite. 
First, in order to minimize the bulky antenna system, a new structure of active 
integrated patch array antenna is proposed and developed without phase shifter circuit, 
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to realize a light and low profile antenna system, which has good reliability and 
high-speed beam scanning possibility. Then, the antenna system is built by the proposed 
antenna where the beam-tracking characteristic is determined by a control unit as 
vehicle's bearing from a navigation system (either gyroscope or GPS receiver) is 
updated in real time. The antenna system will be installed in a vehicle to make 
communication with the satellite by electronically tracking the satellite while it goes in 
travelling. The final purpose of antenna system development is to realize and employ a 
low cost land vehicle satellite communication system as depicted in Fig. 1-4. 
 
Fig.1-4 View of example application for ETS-VIII applications 
 
In order for the orderly description, the approach used in this research followed 
a serial path of objectives, as follows: 
 Review in detail the literatures on land mobile satellite communications and 
ETS-VIII technology specifications and targets, gain a good understanding of 
designing and developing the antenna in particular microstrip antenna for land 
vehicle mounted antenna, and gain an understanding of antenna performances 
enhancement methods. 
 To gain some initial understanding of the land vehicle mounted antenna, it is 
decided to refer the recent developed antenna for land vehicle ETS-VIII 
applications in designing, developing and measuring their performances for both of 
chamber and outdoor environment. This is initially performed in laboratory by 
studying and designing activities with commercial simulation tools. Together with 
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laboratory student colleagues, the discussion and measurement test to confirm the 
designed antenna are employed. The results are compared to the other recent 
researches to take the merits of the developed antennas. 
 The next objective is to optimize the antenna to meet the required specifications of 
ETS-VIII applications. This is initially performed by widening the impedance and 
axial ratio characteristics of the antenna at the operating frequency bands. The 
calculation analysis is repeatedly simulated and verified by performing the 
measurement in order to precisely satisfy the specifications. 
 This research leads to the development of satellite-tracking antenna system by 
miniaturization and integration of the antenna so thus easier to install on the vehicle. 
From this point of view, an integrated antenna design, on which is employed with a 
switching circuit to smarten the antenna system is also studied. 
 The next objective is development of mechanism for satellite-tracking system by 
creating a control program to be installed on the control unit. Once it is developed, 
laboratory test is carried to make ensure the array antenna performances still well 
working. In order to verify whole of the antenna system performance, with 
developed control program, chamber measurement is carried out.  
 The next step is employing the antenna system in outdoor stationary measurement 
using the ETS-VIII satellite signal to confirm the antenna system validity and its 
accuracy to automatically steer the beam towards the satellite. This measurement is 
carried out in the line of sight area (no obstacles present) to ensure the transmitted 
signal from the ETS-VIII satellite is fully received without any blocking. With 
these measurement results, we can predict and optimize the developed all antenna 
system before it is mounted on the vehicle to make a mobile measurement in 
outdoor field. 
 The last objective of this research is verification of our developed antenna system in 
real environment. It mainly concerns on carrying out the field measurement that is 
conducted on various environments in Japan by using the developed 
vehicle-mounted antenna system to verify its validity, precisely the quality of the 
received satellite signal to communicate through the ETS-VIII satellite. Also, in 
order to grasp the characteristics of received satellite signal impairment, we 
thoroughly examine the propagation characteristics under dominantly direct waves 
(Ricean fading environment) and blockage waves areas (including shadowing by 
trees) as well. Meanwhile, we also simultaneously observe the average bit error rate 
for digital communication under various conditions. By this measurement we 
expect to get brief information regarding the propagation channel characteristics 
include the existing hindrance that faces during the measurement. Again, the 
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prediction calculation can be considered in the future to design more cost-effective 
antenna system for mobile satellite system applications.    
 
1.3 Methodology 
 
The methodology to develop satellite-tracking that is utilized for developing 
the antenna system in this research can best be described with the aid of the following 
diagram: 
 
-- Progress Design in Antenna System for Land Mobile Satellite Communication -- 
 
 
Satellite tracking 
- Electronic - 
Literature Review 
- Chapter 2 
Focus on  
Doctoral Thesis 
- Chapters 3, 4, 5, 6 
Satellite tracking 
- Mechanical - 
Literature Review 
- Chapter 1, 2 
Literature Review 
- Chapters 1, 2 
 
Antenna system for 
vehicle 
- State of the art – 
Complex, bulky 
Antenna system for 
vehicle 
- Progress in current 
art design –  
Simple, compact 
 
Fig.1-5 Methodology 
 
The diagram clearly shows how the research arrives at the focus area. In mobile satellite 
communications, mechanical beam steering systems are already well researched for 
closed-loop and opened-loop control method. However, electronically beam steering 
with opened-loop tracking method in mobile satellite systems is rarely covered by 
researchers. Hence, electronically tracking with opened-loop method applied to the land 
mobile satellite case is new research and is the subject of this dissertation. In addition, 
in terms of antenna design, we adopt very simple and more compact/flat antenna 
configuration compared with the current art design. These make a new perspective 
technique to contribute in the field of antenna system for land mobile communications.  
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1.4 Dissertation structure 
 
Chapter 2 provides a review of mobile satellite communications systems from 
their technology trends, applications and main parameters as well. It also describes the 
vehicle antennas for mobile satellite with tracking classification. Key well known 
satellite tracking methods of the antenna i.e. mechanical closed-loop, mechanical 
opened-loop, electronic closed-loop, and electronic opened-loop methods are reviewed. 
Lastly, the state of the art of antenna system technology is also described, in particular 
in the area of vehicular technology. This description inspires a novel design perspective 
for vehicle-mounted antenna system in the following chapter.  
Chapter 3 describes the proposed antenna system, why is chosen and its 
advantages among the others is presented, where in this research we develop the system 
aiming at Engineering Test Satellite VIII (ETS-VIII) applications. The specifications 
and targets of the ETS-VIII are described, which the necessity to construct a robust 
antenna system for land vehicle application is highlighted in several aspects includes 
reliability, simplicity and cost by considering both in mechanical and electrical 
properties.  
Chapter 4 focuses on the microstrip antenna design for compactness and 
integrated construction. It also describes in detail the analysis of numerical results of the 
designed antenna and switching circuit. The antenna and switching circuit performances 
which are numerically yielded by use of moment method are discussed. It also provides 
details about the measurement results of basic antenna parameters to verify the 
simulation results. 
Chapter 5 provides details about the experimental setup of system 
measurement to evaluate the antenna tracking performances using gyro sensor system 
under pre-test for outdoor measurement campaign using ETS-VIII satellite. The effect 
of radome and ground plate is also discussed.  
Chapter 6 will show various field experiments results by utilizing the satellite 
to verify the validity of our developed antenna system. Overall system is tested for its 
performance validity not only propagation characteristics but also bit error rate 
performance. The propagation characteristics are examined under dominantly direct 
waves (Ricean fading environment) and blockage waves areas (including shadowing by 
trees) as well. Also, the simultaneous observation on the average bit error rate for digital 
communication under various conditions is described. 
Finally, the last chapter draws conclusions on the work, and provides scope and 
direction for further work. 
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The flow of the dissertation is simply described by a flow chart as described in 
Fig. 1-6. It clearly shows that the research flows from the early background and major 
issues in mobile satellite communication system, design, develop until implementation 
of the developed system in real environment in prior to employment in the future 
communication system.  
 
 
 
Fig.1-6 Flow chart of the dissertation 
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Chapter 2 
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2.1 Mobile satellite communication system 
 
2.1.1  Introduction 
 
Mobile satellite communications is term refers to communications with radio 
system for mobiles such as ships, aircraft, and land vehicles using satellites. The mobile 
satellite does not mean a moving satellite, which has non-geostationary orbit. It is not 
important whether mobile satellite communications systems use geostationary satellite 
or non-geostationary satellite. Fig. 2-1 illustrates the concept of mobile satellite 
communication systems, which basically consist of a satellite, a gateway earth station 
and various mobile earth stations such as air craft, ships, land vehicles, portable 
terminal, and nowadays mobile phone is also interested to become a new technology. A 
communication link from the earth (mobile earth stations) is called an uplink and from a 
satellite to the earth is called a downlink. Another communication link is called feeder 
link which link between a gateway earth station and a satellite. In almost all mobile 
satellite communication systems, there is a denoting way for uplink and downlink 
frequencies, for example 1.6 and 1.5 GHz (L band) are used for uplink and downlink 
frequency, respectively. It denotes as 1.6/1.5 GHz. In a feeder link, 6/4 GHz (C band) or 
14/12 GHz (Ku band) is usually used in the present systems. 
 
 
Fig.2-1 Concept of mobile satellite communications system  
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A gateway earth station is sometimes called a base earth station, where satellite 
communication links are connected to other communication systems such as terrestrial 
public switched networks. A gateway earth station is also called a coast earth station in 
the case of maritime satellite communication systems. 
Mobile satellite communications provide a bidirectional communications, such 
as voice, data, telex, and facsimile for mobiles. However, in advance satellite 
communications not only communication with telephone and facsimile but also 
nowadays navigation data for determining a position, then it is called radio 
determination and radio navigation, and close relating with broadcasting 
communications.  
The previous satellite communication systems are well developed and 
implemented based on technology of the first generation of satellite communication 
system. It is called fixed satellite communications system. Mobile satellite 
communication system is granted as the second generation of satellite communication 
system. Further, in the first of 21st century mobile satellite communications will 
advance to the third generation which is called personal satellite communication system. 
 
 
Fig.2-2 Generation of satellite communications system: fixed, mobile, and personal  
(Ohmori et al., 1998) 
 
The characteristics of these three satellite system generations can be clearly 
seen by comparing the sizes of the satellites and the antennas of the earth stations. Fig. 
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2-2 shows the relationship between the growth of satellites (INTELSAT, International 
Telecommunications Satellite Organization satellite as an example) and the antenna size 
of earth stations. Antenna size of earth station will mainly be decided by satellite 
capabilities such as transmission power and the size of its antenna. 
In order to provide communication services for small terminals with small 
antennas, the satellite is required to transmit with a sufficient power to be able to 
establish communication link between satellite and earth stations. As more required 
transmission power the bigger satellite will become. It inspires the Japan Aerospace 
Exploration Agency (JAXA) to start and utilize this advantage to realize the personal 
satellite communications by launching the Engineering Test Satellite VIII (ETS-VIII), 
which has been earlier described in Chapter 1.    
 
2.1.2  Classification of Satellite Communication 
 
In the early stages of satellite communications (1960s-1970s) satellites were 
too small thus they transmitted very weak power to the earth stations. This meant that 
the physical dimensions of the antennas of the earth stations had to be very large in 
order to receive very weak signals from the satellite, and they had to be able to transmit 
strong signals which could be received by satellite. For example, the first INTELSAT 
satellite (launched 1965) had 40 kg weight orbited by geostationary orbit thus the 
antenna of the earth station needed wide and huge antenna (30 m in diameter). In 
addition, the earth stations had to be fixed on the ground due to their large and weight 
antennas and related facilities including terminals for communication purpose. Because 
of their less flexibility and should be fixed terminal, it usually called as fixed satellite 
communication system without considering which satellite is used whether 
geostationary or non-geostationary satellites.  
With technical developments in the 1980s, satellites became larger and more 
powerful to decrease the ground station antenna size to be around 2 m in diameter, 
which later called as VSAT (very small aperture terminal). Unfortunately, with its 
antenna dimension and weight, the antenna still tool large to be installed on mobiles 
stations such as ships, aircrafts, and land vehicles.  
From the middle of the 1970s to the beginning of the 1990s, some countries 
and world organizations actively carried out a research and development programs into 
mobile satellite communication systems, e.g. MSAT-X (USA), MSAT Canada (Canada), 
PROSAT (Europe), and ETS-V (Japan). In 1982, the International Maritime Satellite 
Organization (INMARSAT) started a global commercial maritime satellite 
communication services in Atlantic, Pacific, and Indian oceans. In the late 1990s, 
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domestic mobile satellite communication systems have been implemented as a 
commercial service such as Mobilesat (Australia), MSAT (Canada) and AMSC (USA).  
In the 21st century, as rapidly high technology, the aforementioned mobile 
satellite communication systems tend to be upgraded to the personal satellite 
communication systems in which individual person can directly access the satellite to 
establish communication channels with very small handheld terminals.  
The above three satellite generations can be summarized as follows:  
 First generation fixed satellite communication system 
Fixed satellite communication services provide radio communication between fixed 
earth stations through satellite links. The system consists of a satellite and gateway 
earth stations, which are very large, expensive and complex facilities with huge 
antennas. In almost cases, geostationary satellites were used. A typical fixed 
satellite communication system is the INTELSAT system. 
 Second generation mobile satellite communication system 
Fixed satellite communication services provide radio communication between 
mobiles and a gateway earth station through satellite links. The system consists of a 
satellite, a gateway earth station, and mobiles such as ships, aircrafts, and land 
vehicles. Direct communication channels between mobiles cannot be serviced 
mainly due to lack of satellite capabilities namely transmission power and channel 
switching functions. The communication is relayed through gateway earth stations. 
In almost present cases, such mobile satellite communication purpose, the 
geostationary satellite has been being used. Typical systems are INMARSAT, 
which has been providing worldwide commercial services for ships, aircrafts, and 
land mobiles applications.  
 Third generation personal satellite communication system 
The concept of a personal satellite service is defined as system in which provides 
radio communication service between very small handheld terminals using one or 
more satellites. The system consists of a satellite and handheld terminals which are 
very small enough for personal use. A personal terminal can directly access the 
satellite to establish communication links without connection to gateway earth 
station. The system may have sophisticated onboard functions such as channel 
switching, networking, and signal processing. 
 
In order to challenge the latest generation of satellite communication system, 
Japan as which country concerning such kind of technology, has launched the 
Communication and Broadcasting Engineering Test Satellite (COMETS) in February 
1998 (JAXA, 1998). Unfortunately, the launched satellite did not put well at the 
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geostationary orbit causes the project could not be implemented. In the end of 2006, 
another communication satellite called Engineering Test Satellite VIII (ETS-VIII) has 
been launched to realize and carry out the challenged personal satellite communication 
applications. This satellite’s specifications have been briefly described in the previous 
chapter. Yet, in this dissertation, one of its numerous applications, especially land 
vehicle communication is our focus topic and will be presented in the next some 
chapters. 
 
2.2 Mobile Satellite System Design 
 
2.2.1  Mobile Satellite System Architecture 
 
Figure 2-3 describes the basic configuration of mobile satellite communication 
system. The system consists of three basic segments: a satellite, a gateway earth station, 
and mobile earth station (Fig. 2-1). From the stand point of system design, a 
propagation path has to be added as the fourth segment. In mobile satellite 
communication system, the propagation path is very important factor that mainly affects 
the channel quality of the communication system. In land mobile satellite 
communications, the most serious propagation problem is the effect of blocking caused 
by buildings and surroundings objects, which cause signals from the satellite get shut 
down completely. The second problem is shadowing caused by tree and foliage, which 
results in signal attenuation. The third is multipath fading, which is mainly caused by 
buildings. However, this effect can usually be ignored when the directional antenna is 
used and the great attenuation of reflected signals. In maritime satellite, communication, 
fading caused by sea surface reflection is the most serious propagation problem. Rain 
attenuation has to be considered in higher frequency bands such as Ka band and 
millimetre-wave band, in contrary it can be neglected in the L band operation. 
 A gateway and a mobile earth station can be broken down into an antenna, a 
diplexer (DIP), a set of up-converters and down-converters (U/C and D/C), a high 
power amplifier (HPA) and a low noise amplifier (LNA), and a set of a modulator 
(MOD) and a demodulator (DEM). The configuration for a satellite is almost the same 
as for gateway and mobile earth stations which can be broken down into an antenna and 
a set of up-converters and down-converters, and a set of this onboard equipment is 
called a transponder. Almost all of the present commercial satellites do not have a set of 
modulators and demodulators. They can only transmit a signal after converting the 
frequency and amplify received weak signals. This type of transponder is called as a 
bent pipe transponder or a transparent transponder. 
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 To characterize the performance of system design, some main parameters for 
link budget are needed to be calculated. These parameters will be described in detail in 
the following sections. 
 
2.2.2  Mobile Satellite System Link Parameters 
 
 The main parameters that characterize the performance of the three 
segments—namely, satellite, gateway, and mobile earth station— are G/T (the ratio of 
antenna gain to system noise temperature or a figure of merit), effective isotropically 
radiated power (EIRP) and C/N0 (the ratio of carrier power to noise power density). The 
G/T and EIRP are frequently used concepts in satellite communications, and they denote 
the receiving and transmitting capabilities, respectively, of satellite, a gateway earth 
station and a mobile terminal. The C/N0 denotes the quality of the communication 
channel.  
 
Fig.2-3 System configuration of mobile satellite communication (Ohmori et al., 1998) 
 
2.2.2.1 Terminal Noise 
 
The noise performance of communication systems can be described by a term 
for noise temperature. The basic source of the noise in electrical circuits is the thermal 
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agitation of electrons in resistive circuit components. The open circuit root mean square 
(rms) noise voltage Vn can be represented as below: 
TRBVn 4  (volts)    (2-1) 
where,  : Boltzman’s constant (1.38 x 10-23 watt/sec/K) 
 B: Bandwidth (Hz) 
 T: Absolute temperature (K) 
 R: Resistance of the circuit (Ω) 
The maximum power is delivered to an external load by a generator with a given 
internal load. Thus, the thermal noise power Pn delivered to the optimum load by the 
thermal noise source of resistance R at temperature T is given by: 
 TB
R
VP nn  4
2
 (watts)    (2-2) 
It must be noted that noise power does not depend on a particular value of resistance but 
only on absolute temperature T and frequency bandwidth B. Hence, noise power density 
N0 per unit frequency bandwidth (1 Hz) is given by: 
 TN 0  (watts)    (2-3) 
It is convenience to use decibel for expressing such kind of parameter. Hence, N0 
denotes in decibels as follows: 
      10)log(.100 TN )log(.106.228)log(. TT    (dBW/Hz)  (2-4) 
  
2.2.2.2  Noise Figure 
ce of electrical circuits or components is evaluated by the 
parameter of noise figure (NF) as illustrated in Fig.2-4 is defined by: 
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in decibels is represented as: 
   


  1log.10
T
TNF in
0
 (dB)   (2-6) 
here,  Sin: Power signal at the ort 
 Nin: Noise at the input port; Nout: Noise at the output port 
cuit immersed 
w  input port; Sout: Power signal at the output p
 G: Gain of the circuit 
 T0: Physical temperature of circumstances in which the cir
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 Tin: Equivalent input noise temperature 
 
Frequency 
bandwidth: B
Gain: G
Noise figure: NF
Sin
Nin
Sout
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Tin = T0 (NF-1)
Input OutputTemperature: T0
 
Fig.2-4 Noise figure of an amplifier circuit 
When a noise figure is given, Tin can be calculated as: 
 
 
  110 100in TT  (K)    
 NF
(2-7) 
In the same manne as loss Lf as 
shown in Fig.2-5, Lf can be defined as: 

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Therefore, an equivalent noise temperature at the output port Tout can be obtained by 
dividing Tin by Lf as follows: 
 


 out LTT
110   f
   (2-9) 
2.2.2.3 Gain to Noise Temperature Ratio (G/T) 
 
ng frequencies and equivalent input 
 Ta can be denoted as GR/L1 (= Gs) and Ta/L1, respectively, at the input 
port of a
 
 
Regarding the antenna, gain GR at receivi
noise temperature
mplification circuit stage#1. The value Gs means system gain at the input port 
to the Low Noise Amplifier (LNA). Consequently, the ratio of antenna gain to noise 
temperature at the input port to the LNA can be written as: 
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where, GS/TS (or simply described as G/T): Figure of merit (dBK) 
  Ta: Antenna noise temperature  
  TR: Receiver noise temperature 
Lf: Total loss of feed lines and components such as diplexers, cables, and phase 
shifters (for phased array antenna is used) 
 
2.2.2.4 Relation between Transmitted and Received Power 
 
 The sensitivity of a receiver is determined by G/T, but we should know the 
amount of power is available at the receiver. Fig.2-5 shows the relation between 
transmitted and received power. If a transmitting antenna has an ideal isotropic radiation 
pattern in three dimensions, the power density on the spherical surface PD is: 
 24 d
PP TD   (watts/m
2)   (2-11) 
where, 
 PT : Transmitted power 
 d : Distance between transmitting and receiving antenna 
 
If the transmitting antenna has a gain GT, the above equation can be described as: 
 24 d
PGP TTD 
  (watts/m2)   (2-12) 
where  is considered to the radiation power transmitted by an ideal 
omnidirectional antenna. This term is usually called an effective (or equivalent) 
isotropically radiated power (EIRP) which is expressed as: 
TT PG 
 
   (watts) TT PGEIRP 
or  (dBW)   (2-13)      TT PGEIRP  
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Transmitter
Antenna gain: GT
Transmitted power: PT
Receiver
Antenna gain: GR
Received power: PR
d
Power density: PD
Spherical surface: S  
Fig.2-5 Relation between transmitted and received power 
 
The EIRP is frequently used in satellite communication systems as one of the important 
concept to describe the capabilities of transmission.  
 Further, the received power PR of the receiving antenna which has physical 
aperture area A and aperture efficiency η, is: 
    
 
22
2
2 444
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P
R
R L
GEIRPP      (2-14) 
Consequently, A  denotes the effective aperture area nna which is related  of the ante
to GR and wavelength λ of the frequency obtained by the following equation (Stutzman, 
1981): 
 RGA  

4
2
     (2-15) 
.2.2.5 Signal to Noise Ratio (C/N0) 
The radiofrequency stages of an earth station and a satellite, in general, consist 
 
2
 
 
of an antenna, a feed line, a diplexer, a high power amplifier (HPA), and a low noise 
amplifier (LNA), as shown in Fig.2-6. From this figure, the ratio of input signal power 
(C) to noise power (N) at the input point to the antenna can be written as follows using 
(2-2) and (2-13): 
Chapter 2 
Mobile Satellite Communication System 
 Development of Simple Antenna System for Land Mobile Satellite Communications 
 
 - 25 - 
 
 
 
BT
L
GEIRP
BT
L
GGP
BT
L
GG
L
P
N
C
S
P
R
S
P
RTT
S
P
RT
f
out








 
  
 BT
G
L
EIRP
N
C
S
R
P 
1




   (2-16) 
 
When noise power density (C/N0) is considered, (2-16) can be written as: 
 
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 Equation (2-16) and (2-17) are basic equations that show the quality of 
receiving signals from a satellite to an earth station, whose path is called downlink. In 
decibels, two above equations can be written as follows: 
 
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          6.228 SRP TGLEIRP   (2-18) 
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 Fig.2-6 Diagram of the RF stage at Earth Station 
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 Equation (2-18) provides a description insight of the channel quality of a 
downlink. The transmitted power (EIRP) is attenuated by free space propagation (LP) 
from a satellite to the earth, amplified by receiving antenna gain (GR) and attenuated by 
system noise (TS). The channel quality of an uplink from the earth to a satellite is 
expressed the same as equation (2-16 to 2-18). 
 If considering for total channel quality in the system, the thermal noise which is 
generated in the uplink and downlink channels and interference noise which is 
generated from the other systems are be considered. Here, the total channel quality 
(C/N0)T is given by: 
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where,  I0: power density of interference noise 
 U: uplink; D: downlink 
 
 It is shown by equation (2-19) that if value (C/N0) for one of the links is 
sufficiently small compared to the other values, e.g. (C/N0)D « (C/N0)U and (C/N0)D « 
(C/I0), total quality (C/N0)T can be approximately be given by (C/N0)D. It means that the 
total quality of a communication link is dominated by the poorest quality 
communication link. In land mobile satellite communications, the gain of mobile station 
is quite smaller than the satellite has; allowing the total quality is dominated by the poor 
uplink and the total channel quality will never exceed the uplink quality no matter how 
much downlink quality is increased.  
 
2.2.2.6 Efficiency in Digital Modulation Schemes 
 
Once the system channel quality is calculated, the next is what kind of 
modulation scheme is suitable for communication. The mobile satellite communication 
systems currently use digital modulation schemes, such as π/4-QPSK, OQPSK, or 
MSK (Lodge, 1991), low-bit rate digital voice codec of about 4.8 to 6.7 kbps, such as 
vector sum excited linear prediction (VSELP), low-delay code excited linear prediction 
(LD-CELP), adaptive differential pulse code modulation (ADPCM), regular pulse 
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excited linear prediction code with long-term prediction (RPE-LTP); and powerful 
forward error correction (FEC) technologies. 
The mobile satellite services (MSS) modems may suffer from the following 
propagation impairments as well as rainfall attenuation, ionospheric scintillation, and 
atmospheric attenuation: 
 varying Doppler frequency shift due to motion of mobile terminals; 
 varying channel conditions due to multipath fading and shadowing; 
 low signal to noise ratio relative to terrestrial mobile communication systems 
For good performance of mobile satellite communication services, MSS modems have 
to overcome the above problems, and we need to determine design choices of MSS 
terminals to best match them. 
 One of most important performance parameters for MSS modulation schemes 
is efficiency, which includes both power and bandwidth efficiency, since mobile 
satellite communication systems usually have limited availability of both power and 
bandwidth. The power efficiency is defined as the ratio of required signal energy per bit 
to noise density (Eb/N0) needed to achieve a given bit error rate (BER) over an additive 
white Gaussian noise (AWGN) channel, although in mobile satellite communication 
BER in Rician fading channel is also important but here we deal with the performance 
over AWGN. The bandwidth efficiency is defined as the ratio information rate R [bit/s] 
and the required channel bandwidth W. In the next few chapters, the measurement 
results in the field with the satellite will show how the Rician fading channel is 
dominantly presents rather than the simplified AWGN channel model. 
 
Bit Error Rate (BER) 
 
In digital communications, the required C/N0 is determined by the bit error rate 
(BER) of the required quality of communication channels. The BER, as a measure of the 
signal quality, is the most important figure of merits in all link budgets. The BER is a 
function of a quantity Eb/N0, the bit energy per noise density of the signal. For a BPSK, 
QPSK, MSK signal in an AWGN channel, the BER is given by: 
 0/21 NEerfcBER b    (2-20) 
where, 
   x t dtexerfc 22)(     (2-21) 
or if  
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This formula shows that the BER of any signal is related to its Eb/N0 by the function erfc. 
The function erfc, called the complimentary error function describes the cumulative 
probability curve of a Gaussian distribution.  
 
Fig.2-7 Plot of complimentary error function (Wikipedia English, 2010) 
 
 Equation (2-20) and (2-21) can be plotted in Fig. 2-8 and 2-7, respectively. The 
BER function has as a classic waterfall shape when plotted on a log-log scale. The BER 
is inversely related to Eb/N0, which higher Eb/N0 or lower BER means better quality.   
 
Fig.2-8 Simple BER plot as a function erfc of Eb/N0 (Loral Space Systems, 2002) 
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Energy per Bit to Noise Density (Eb/N0) 
 
 Eb/N0 is the most common parameter used to compare communication systems 
even when the systems have differing bit rates, modulations, and media. The quantity Eb 
is measure of the Bit Energy which is described as: 
 
bb
avg
b R
A
R
P
E
2
   (Joules)   (2-22) 
In decibels, it is written as: 
   bE    bavg RP  
where,  Pavg : Average power (energy per unit time) 
 
he quantity N0 is measure of the noise density, namely the total noise power PN in the 
 (dB)   (2-23) 
     bRA  2   
 A : Amplitude-squared representing the Pavg
 Rb : Bit rate (number bits per unit time) 
 
T
frequency band of the signal divided by the bandwidth of the signal BN. 
 
N
NPN    (Joules)   (2-24) 
B0
where,  PN : Noise power  
BN : Noise bandwidth 
d signals) C/N0 is used in the same way as Eb/N0 for 
igital (baseband signals). C and Eb are related by the bit rate by: 
Due the C/N0 does not relate with bit rate, as increasing the bit rate does not affect the 
ut the Eb/N0 get decreasing.  
In digital communication system, many types of modulation schemes have 
been proposed. Some parameters besides efficiency as described in the above section, 
or in decibels:      (dB)  (2-25)  NN BPN 0
 
 
  
Relation between C/N0 and Eb/N0 
 
 For analog signals (passban
d
 bb REC       (2-26) 
So, C/N0 is: 
 bb RN0     (2-27)  ENC 0 //
C/N0 value, b
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such as immunity to nonlinearity, simplicity for implementation are also be considered 
for designing simple and small MSS modems. Table 2-1 shows bandwidth, Eb/N0 for 
ER 10-5, non linearity immunity, and implementation simplicity for BPSK, QPSK, 
OQPSK
 Noise Eb/N0 for Nonlinearity Implementation
B
, π/4-PSK, and MSK modulation schemes. 
 
TABLE 2-1 
PERFORMANCES OF SOME MODULATION SCHEMES FOR DIGITAL COMMUNICATIONS  
(Xiong, 1994 & Amoroso, 1980) 
 
Modulation Half-power 
scheme Bandwidth* Bandwid  10-5 Immunity** Simplicity** th* BER =
        
BPSK 0.88  D A 1.00  9.6 dB 
QPSK 0.44  0.50  9.6 dB C B 
OQPSK and 0.44  0.50  9.6 dB B C 
π/4-PSK       
MSK 0.59  0.62  9.6 A D dB  
* malized frequency offset from the requency
** ighest v
2. k Budget Calculatio
 
rameters for link budget. 
e,  to vehicle communication via satellite for low rate data and 
oice communications. We assume that the data rate is 8 kbps by using a convolutional 
re suitable for 
onveying low data rate and voice signal from ground vehicle to another vehicle 
through 
in nor  center f  
A is h alue 
 
2.3  Lin n for Ground Mobile Terminal 
As an example, we calculate the previous mentioned pa
Her  we design vehicle
v
code with Viterbi decoder, and 5.6 kbps PSI-CELP voice codec a
c
the geostationary satellite. An example of link budget calculation is depicted in 
Table 2-2 below. From this example, by use of a large satellite antenna (i.e. very high 
gain antenna), we can design a small mobile earth station to enable development of a 
compact land vehicle communication.  
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TABLE 2-2 
XAMPLE OF LINK BUDGET CALCULATION FOR LAND MOBILE SATELLITE COMMUNICATION 
LINK PARAMETER Forward Link and or 
E
 Return Link 
UPLINK   
Uplink frequency (GHz) 2.6575  
Tx power (Watt)  1.00 
Feed l  oss (dB) 1.70 
Antenna gain (dBi)  0 5.0
Tx EIRP (dBW) Vehicle 3.20 
Tracking loss (dB)  3.00 
Propagation loss (dB) 19 2.35 
Received level (dBW) - 19 0.25 
Satellite antenna gain (dBi) 4 3.80 
Feed loss (dB)  2.60 
Satellite G/T (dB/K) 1 4.04 
System noise temperature (K) Satellite 520.00 
Uplink C (dBW)  - 151.95 
N0 (dB/Hz)  - 201.44 
Uplink C/N0 (dBHz) 4 9.49 
DOWNLINK   
Downlink frequency (GHz)  2.5025 
Tx power (Watt)  40.00 
Feed loss (dB)  2.60 
Satellite gain (dBi)  43.80 
Pointing loss (dB) Satellite 3.00 
Tx EIRP (dBW)  54.22 
Propagation loss (dB) 1 91.83 
Received level (dBW) - 13 8.71 
Antenna gain (dBi)  5.00 
Feed loss (dB)  1.70 
Tracking loss (dB)  3.00 
Satellite G/T (dB/K) Vehicle -  22.92 
System noise temperature (K)  418.60 
Downlink C (dBW)  - 138.41 
N0 (dB/Hz)  - 202.38 
Downlink C/N0 (dBHz) 6 3.97 
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CALCULATION RESULTS   
Total C/N0 (dBHz)  49.34 
Bit rate (kbps)  8.00 
Eb/N0 (dB)  10.31 
Coding gain (Convolutional 
iterbi 
 
BER=10-5 
code R=1/2, K=5, with V
decoder and without
interleaver) for 
    5.00 
Required C/N0 (dBHz)  43.63 
Margin (dB)  5.71 
 
 
2.3 Antenna System Design for Vehicle Application  
 
This dissertation is aimed to devel
application in mobile satellite communication system. Therefore, it is needed to 
onsider the requirements of antennas properties both in mechanical and electrical 
ing section. 
2.3.1  
Mobile antennas are needed to be designed as compact and lightweight as 
 easy in installation (Ohmori et al., 1998 & 
abinovich et al., 2010). However, a compact antenna has two major disadvantages in 
 and wide beamwidth. Due to low gain and 
mited electric power supply, it is very difficult for mobiles antennas to have enough 
fore, a compact antenna is required 
to prevent fading and interference.  
op an antenna system for land vehicle 
c
characteristics. Their characteristics are briefly explained in the follow
 
Mechanical Characteristics 
 
2.3.1.1 Compactness and Lightweight 
 
 
possible to minimize the space and make
R
electrical characteristics such as low gain
li
receiving capability (G/T) and transmission power (EIRP). These disadvantages of 
mobile terminals can be compensated by providing a satellite has a large antenna and 
huge power amplifier with enough electric power.  
 The second demerit is that a wide beam antenna is likely to transmit undesired 
signals to, and receive them from, undesired directions, which will cause interference in 
and from other systems. The wide beam is also suffered from several fading effects such 
as from sea surface reflections in maritime satellite communication and multipath 
fading in land mobile satellite communication. There
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2.3.1.2 Installation  
 
 Easy installation and appropriate physical shape are worthwhile requirements 
besides compactness and lightweight (Ohmori et al., 1998 & Rabinovich et al., 2010). 
The requirements antennas for cars or aircraft are different from shipborne which has 
enough space for antenna system installation. In case of cars, low profile and 
 required. Aircraft antenna is required more stringent to satisfy 
erodynamics standard such as low air drag (Ohmori et al., 1998). Our research 
dio Regulations of International Telecommunication Union (ITU) 
gulates the satellite services including allocated frequency according to each region 
 Russia, & Africa; Region 2: North & South 
merica and Region 3: Asia). The typical frequencies allocated to mobile satellite 
.6/2.4) bands which being operated in 
e present, Ka (30/20 GHz) band and millimeter wave for future systems (ITU-R Radio 
 antenna 
oinciding with the polarization. If the direction of the mobile antenna rotates 90º, the 
satellite. Even if circular polarization waves are 
sed, the polarization mismatch loss caused by the axial ratio has to be taken into 
lightweight equipment is
a
concerns on designing and developing a compact, lightweight and easy installation 
antenna system. 
 
2.3.2  Electrical Characteristics 
 
2.3.2.1 Frequency and Frequency Bandwidth 
 
 The Ra
re
(three regions, i.e. Region 1: Europe,
A
communications are the L (1.6/1.5 GHz) and S (2
th
Regulation, 2004).  
 The required frequency bandwidth is about 7% for L band, 10% for S band, 
and 40% for Ka band. This dissertation provides a designed antenna for S band 
application with wide frequency bandwidth will discussed in the next chapter. 
 
2.3.2.2 Polarization and Axial Ratio 
 
 In mobile satellite communications, circular polarized waves are used to avoid 
polarization tracking. When both satellite and mobile earth stations use linearly (vertical 
or horizontal) polarized waves, the mobile earth stations have to keep the
c
antenna cannot receive signals from the 
u
account to link budget. Generally, in this research we design a circular polarized 
antenna below 3 dB axial ratio to minimize the Faraday rotation effect, which it may 
cause improper received signal for circular polarization (Sri Sumantyo et al., 2005). 
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2.3.2.3 Gain and Beam Coverage 
 
 Required antenna gains are determined by a link budget, which is calculated by 
taking into account the satellite capability and the required channel quality. The channel 
quality (C/N0) depends on the G/T and the EIRP values of the satellite and mobile earth 
tations. Typical gains are shown in Table 2-2 according to their application at L band 
The beams of mobile antennas are required to cover the upper hemisphere 
f large dimension and high gain satellite antenna for this 
plicati
 of mobile motions, and the directional antennas with narrow 
eams have to track the satellite both in elevation and azimuth directions. In general, the 
g is considered to be within 1 dB, which is an angular 
bout a half of half power beam width (HPBW). However, directional 
king systems: mechanical and electrical. A 
echanical tracking system uses mechanical structures to keep the antenna in the 
d mechanical drive system. An electrical tracking 
stem tracks the satellite by electrical beam scanning.  
s
satellite communications.  
 
independent of mobile motions. Low gain antennas have advantages in terms of 
establishing communication channel without tracking the satellite because of their 
omnidirectional beam patterns. However, high gain antennas have to track satellites due 
to their narrow directional beam patterns. In this dissertation, we design a medium gain 
antenna owing to the use o
ap on. 
 
2.3.2.4 Satellite Tracking 
  
 Unlike omnidirectional antennas, it is important to have a tracking function for 
medium and high gain antennas. Tracking capabilities depend on the beamwidth of the 
antennas and the speed
b
required accuracy of trackin
accuracy within a
antennas with relatively narrow beams should track the satellite only in the azimuth 
directions because the elevation angles to the satellite are almost constant, especially in 
land mobile satellite communications.  
 
Classification of Satellite Tracking 
 
 Figure 2-9 classifies satellite-tracking functions. Tracking function divide into 
two groups of function, namely, beam steering method and tracking control method. 
There are two types of satellite trac
m
satellite direction through a motor an
sy
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 From the standpoint of a tracking algorithm, there are two types, namely an 
opened-loop method and closed-loop method. The difference between these two types is 
whether the signal from the satellite is used or not. The opened-loop uses an information 
of mobile position without using signals from the satellite. Several kinds of sensors are 
used for obtaining the mobile position and azimuth angle. In contrary, the closed-loop 
method uses the satellite signal to track it. In order to use this method, received signals 
om the
Antenna Typical  Typical Typical antenna Typical  
fr  satellite must be stable without severe fading. It was adopted in aeronautical 
and maritime mobile communications. It is difficult to apply in land mobile satellite 
communication due to its stability is predominantly affected by shadowing and fading.  
 
 
TABLE 2-3 
TYPICAL GAIN FOR L BAND SATELLITE COMMUNICATIONS  
(Ohmori et al., 1998 & Ilcev, 2005) 
 
  
Gain 
(dBi) 
G/T 
(dBK) 
on) service (dimensi
          
Directional 20 - 24 e, high speed data -4 Dish (1mφ) Voic
  17 - 20 -8 to -6 Dish (0.8mφ) Ship (INMARSAT-A,B) 
S 8 - S Voice/high  emi  - 16 18 to -10 BF (0.4mφ)  speed data
directional   Ph Aircraft (INMARSAT-Aero)ased array  
  4 - 8 -23 to -18
Array (2-4 
elements
Ship (INMARSAT-M) 
) 
    Helical, patch Land mobile 
Omni 3  0 - 4 -27 to -2 Quadrifilar Low speed data (message)
directional   Drooping Ship (INMARSAT-C) 
    Dipole Aircraft 
      Patch Land mobile 
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Tracking Function
Beam Steering Tracking Method
Mechanical
Electronic
Closed-loop
Opened-loop
 
Fig.2-9 Classification of satellite tracking function. (Ohmori et al., 1998) 
 
.4 State and Progress of the Antenna Design in the Present Mobile  
 
In mobile satellite communications, an antenna model is expected to be able to 
respond 
m antenna is specifically 
develope
 
2
Satellite Technologies  
to changes in the direction of a mobile object. Figure 2-10 illustrates the typical 
antennas developed for mobile telephone and other communication systems, which are 
mounted on the vehicle. Several antennas were able to meet mobile satellite antenna 
requirements have been extensively investigated, are widely available in the literature 
include the conical beam antennas by using wire antennas such as quadrifilar or bifilar 
helix (Kilgus, 1975, Terada & Kagoshima, 1991, Nakano et al., 1991, Yamaguchi & 
Ebine, 1997), drooping dipole (Gatti & Nybakken, 1990) or even patch antenna in 
higher mode operation (Nakano et al., 1990, & Ohmine et al., 1996) and the 
satellite-tracking antennas (Ito et al., 1988). An attractive feature of the former antenna 
design is that, as the radiation is omnidirectional in the conical-cut direction and also 
their beam is broad in the elevation plane, satellite-tracking is not necessary. Such 
antennas offer typical gain about 0 - 4 dBi (Ohmori et al., 1998, Ilcev, 2005, Fujimoto 
& James, 2008) because of their isotropic energy in the conical-cut direction. Some 
examples of those type antennas are illustrated in Fig. 2-11.  
In order to increase antenna gain, a directional-bea
d for several applications in land vehicle antenna system. By utilizing such an 
antenna, owing to its directional beam property, the beam can be deflected towards the 
satellite direction when the vehicle moves. Although this antenna type needs a tracking 
Chapter 2 
Mobile Satellite Communication System 
 Development of Simple Antenna System for Land Mobile Satellite Communications 
 
 - 37 - 
 
function, due to the generation of directional beam, smaller fading effects from 
surrounding terrain can be achieved to allow higher transmission rate in 
communications.  
 
 
Fig.2-10 Most vehicle-mounted antennas system for land mobile communications. 
 
ost recent decades of the developed antenna system for vehicle-based 
applicati
(Nishikawa, 2003) 
M
ons are impractical since their design, based on mechanical steering that makes 
them extremely bulky. This type of antenna system is quite heavy and high power 
consumption as well as low tracking-speed owing to the use of electric motors 
responsible for mechanical steering (Kuramoto et al., 1988, Huang & Densmore, 1991, 
Jongejans et al., 1993, Strickland, 1995). An alternative solution is planar phased array 
antenna, which performs beam steering by electronic means (Nishikawa et al., 1989, 
Ohmori et al., 1990, Alonso et al., 1996, Konishi, 2003). However, the use of phase 
shifters for beam forming is quite expensive owing to their large quantities requirement. 
Such phase shifters, need to be properly designed in order to avoid the beam squinting 
in which the beam direction may considerably differ at receive and transmit frequencies. 
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Moreover, nonlinear effects from electronic phase shifter and switches generate the 
noise problem in phased array antenna (Ohmori, 1999).  
In those antenna designs several advantages are credited, which have sufficient 
performance for each highlighted application. However, few of most remarkable 
disadvantages are high cost, heavy in weight and take more volume. In consideration 
with the future mobile satellite communications, design of antenna system requires as 
compact and lightweight as possible to minimize the space and easy installation. In the 
next chapter, we describe specifications, targets and structure of our vehicle antenna 
system design, in particular aimed at the ETS-VIII land vehicle applications. 
 
  
(a)    (b)  
Fig.2-11 Example of low-gain vehicle antennas (a) bifilar-helix antenna (Yamaguchi & 
Ebine, 1997) (b) drooping dipole antenna (Gatti & Nybakken, 1990).  
 
 
(a)        (b)  
Fig.2-12 Example of medium-gain vehicle antennas (a) eight-element switched-beam 
array antenna (Karmakar & Bialkowski, 1999) (b) eight-elements spiral array 
(Kuramoto et al., 1988). 
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(a)       (b)     (c) 
Fig.2-13 Example of high-gain vehicle antennas (a) 19-elements phased array antenna 
(Tanaka et al., 1992) (b) 19-elements phased array antenna (Sato et al., 1992) (c) 
annular ring microstrip array with radial wave-guide type (Ogawa et al., 1992). 
 
 
2.5 Conclusion  
 
The concept of mobile satellite system communications is presented to review 
most important fundamentals characteristics in mobile satellite rather than the fixed 
satellite communications. Generation of satellite communications is summarized with 
their characteristics to propose a new generation related with this dissertation in the next 
section. The system design of mobile satellite communication is introduced to build the 
system by calculating some parameters. These parameters are calculated to prepare a 
communication link between satellite and the ground earth station, which is usually 
called Link Budget. By this calculation results, the antenna system is designed for land 
mobile satellite communication. Therefore, vehicle antenna’s requirement parameters 
are reviewed in order to design an antenna to achieve the expected requirement by 
considering some advantages and disadvantages. An example how we calculate the link 
budget to take an advantage of the mobile satellite system in particular for vehicle 
communication, is shown. This chapter is also describes some considerations for 
designing the antenna system in terms of its mechanical and electrical properties. With 
these considerations, in the next chapter will show how our antenna system design deals 
with such properties. In addition, the progress state in development of antenna system 
for vehicle communications is described to show how this technology will be adopted in 
the near future mobile satellite communications. From this point, we would like to 
contribute in this research field by designing a simple antenna system, which has 
several advantages of its characteristics, to avoid high cost production. In the next 
chapter, our antenna system specifications, targets, configuration, and operation will be 
reported.   
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3.1  Introduction  
 
This chapter provides a simple satellite tracking array antenna system from the 
design requirements until its proposed architecture to realize mobile satellite 
communication applications especially for Engineering Test Satellite (ETS-VIII) 
applications. The antenna system is designed for land vehicle communication system by 
considering as much as possible to be lightweight, compact, simple operation method, 
high-scanning performance in order to achieve low cost in production point of view.  
 
TABLE 3-1 
SPECIFICATIONS AND TARGETS OF ANTENNA FOR ETS-VIII APPLICATIONS  
 
SPECIFICATIONS 
Transmission (Tx) 2655.5–2658.0 MHz 
Frequency bands 
Reception (Rx) 2500.5–2503.0 MHz 
Polarization 
Left-handed circular polarization for both in 
transmission and reception 
TARGETS 
Elevation angle (El) 48º (Tokyo) ±10º  
Angular ranges 
Azimuth angle (Az) 0º to 360º 
Minimum gain 5 dBic 
Maximum axial ratio 3 dB 
 
 
3.2  Antenna Specifications and Targets 
 
The specifications and targets of the antenna are shown in Table 3-1. ETS-VIII 
is conducted at orbital experiments on mobile satellite communications and high-speed 
packets communications, providing voice/data communications with hand-held 
terminals in the S-band frequency (2.5025 GHz and 2.6575 GHz for reception and 
transmission, respectively). The polarization is left-handed circular (LHCP) for both 
transmission and reception units. As this antenna is assumed to be used in Tokyo and its 
vicinity, the targeted elevation angle is set to 48° because it is the elevation angle of the 
geostationary satellite seen from the center of this city. In the system, the antenna beam 
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is expected to be steered towards the satellite and cover the whole azimuth space by 
more than 5 dBic and less than 3 dB for the gain and the axial ratio, respectively. 
Table 3-2.A and 3-2.B show our planned link budget for vehicle satellite 
communications at the beginning of the project, precisely when the ETS-VIII satellite 
has not been launched (before fiscal year 2006). We have expected that the satellite link 
can be established both for forward and return link, between the Earth fixed-station and 
vehicle through the geostationary satellite by the worst case configuration and vice 
versa. The communication can be done with 128 kbps of the forward transmission rate 
by the Tx power 1 Watt and 64 kbps of the return transmission rate at the Tx power 5 
Watts. The link margin can be obtained by 7.03 and 2.74 dB for forward and return link, 
respectively. In addition, from our calculation result, those transmission rates are also 
possible for communication between one vehicle and other vehicle in mobility 
circumstance through the satellite, by increasing the transmission power of Tx antenna 
at least by 3 Watts at return link. The detail of the original link budget is listed in Table 
3-2.A and 3-2.B. 
 
 
TABLE 3-2.A 
LINK BUDGET OF LAND VEHICLE SYSTEM FOR ETS-VIII APPLICATIONS 
(BEFORE SATELLITE LAUNCHING; AT FORWARD LINK) 
 
Link Parameter 
Earth Fixed-Station →Satellite  
→ Land Vehicle 
Up Link     
Up link frequency (GHz) 2.6575 
Tx power (Watt)     1.00 
Feed loss (dB) 1.4 
Pointing loss (dB) 0.50 
EIRP (dBW) 
Earth 
Fixed-Station
14.60 
Satellite Rx antenna gain (dBi) 41.00 
Feed loss (dB) 1.60 
Satellite G/T 13.10 
C/N0 up link (dBHz) 
ETS-VIII 
Satellite 
62.80 
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Down Link     
Down link frequency (GHz) 2.5025 
Tx power (Watt)      310.00 
Feed loss (dB) 1.80 
EIRP (dBW) 
ETS-VIII 
Satellite 
62.10 
Pointing loss (dB) 3.00 
Antenna gain (dBi) 5.00 
Feed loss (dB) 2.50 
Land mobile G/T -21.30 
C/N0 down link (dBHz) 
Land Vehicle 
Equipment 
73.90 
Calculation Result     
C/N0 total (dBHz)   62.50 
Bit rate (kbps)  128.00 
Eb/N0 (dB)  11.43 
Coding gain (dB) (Convolutional 
code R=1/2, K=7 soft decision; 
with Viterbi decoder and without 
interleaver) for BER=10-5 
 5.20 
Threshold (1.0×10-5) Eb/N0 (dB)  9.60 
Hardware deterioration (dB)  3.50 
C/N0 required (dBHz)  58.97 
Margin (dB); inc. Coding gain   7.03 
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TABLE 3-2.B 
LINK BUDGET OF LAND VEHICLE SYSTEM FOR ETS-VIII APPLICATIONS 
(BEFORE SATELLITE LAUNCHING; AT RETURN LINK) 
 
Link Parameter 
Land Vehicle →Satellite  
→ Earth Fixed-Station 
Up Link     
Up link frequency (GHz) 2.6575 
Tx power (Watt)      5.00 
Feed loss (dB) 2.50 
Pointing loss (dB) 3.00 
EIRP (dBW) 
Land Vehicle 
Equipment 
9.50 
Satellite Rx antenna gain (dBi) 41.00 
Feed loss (dB) 1.60 
Satellite G/T 13.10 
C/N0 up link (dBHz) 
ETS-VIII 
Satellite 
55.20 
Down Link     
Down link frequency (GHz) 2.5025 
Tx power (Watt)      310.00 
Feed loss (dB) 1.80 
EIRP (dBW) 
ETS-VIII 
Satellite 
62.10 
Pointing loss (dB) 0.50 
Antenna gain (dBi) 16.00 
Feed loss (dB) 2.90 
Land mobile G/T -10.90 
C/N0 down link (dBHz) 
Earth 
Fixed-Station
86.80 
Calculation Result     
C/N0 total (dBHz)   55.20 
Bit rate (kbps)  64.00 
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Eb/N0 (dB)  7.14 
Coding gain (dB) (Convolutional 
code R=1/2, K=7 soft decision; 
with Viterbi decoder and without 
interleaver) for BER=10-5 
 5.20 
Threshold (1.0×10-5) Eb/N0 (dB)  9.60 
Hardware deterioration (dB)  3.50 
C/N0 required (dBHz)  55.96 
Margin (dB); inc. Coding gain   2.74 
 
 
TABLE 3-3 
LINK BUDGET OF LAND VEHICLE SYSTEM FOR ETS-VIII EXPERIMENTAL TEST 
(AFTER SATELLITE LAUNCHING; AT FORWARD LINK ONLY) 
 
Link Parameter 
Earth Fixed-Station →Satellite  
→ Land vehicle 
Up Link     
Up link frequency (GHz) 2.6575 
Tx power (Watt)      1.00 
EIRP (dBW) 18.10 
Received level/total (dBW) 
Earth 
Fixed-Station
-175.35 
Satellite Rx antenna gain (dBi) 25.00 
Satellite G/T  -8.40 
Signal power/total (dBW) -150.08 
C/N0 up link (dBHz) 
ETS-VIII 
Satellite 
47.72 
Down Link     
Down link frequency (GHz) 2.5025 
Tx power (Watt)      40.00 
EIRP (dBW) 55.02 
Received level (dBm) 
ETS-VIII 
Satellite 
-137.91 
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Antenna gain (dBi) 5.00 
Land mobile G/T -22.92 
Signal power (dBW) -137.61 
C/N0 down link (dBHz) 
Land Vehicle 
Equipment 
64.77 
Calculation Result     
C/N0 total (dBHz)   47.64 
Bit rate (kbps)  8.0 
Eb/N0 (dB)  8.60 
Coding gain (dB)  1.50 
Threshold (1.0×10-4) Eb/N0 (dB)  8.30 
C/N0 required (dBHz)  45.83 
Margin (dB); inc. Coding gain   1.80 
 
 Unfortunately, following the satellite has launched, there was a serious 
problem on the satellite system. Hence, our planned link budget in Table 3-2 is required 
to be revised in order to deal with the situation. In this case, the communication rate 
gets decreased to be only 8 kbps for low data and voice communication rather than the 
expected rate (128 kbps for forward link and 64 kbps at return link).  
Table 3-3 shows the link budget for land vehicle system aimed at ETS-VIII 
experimental test purpose, in which we are enrolled. The link budget is calculated 
according to the National Institute of Information and Communications Technology 
(NICT) experiment report that large deployable reflector (LDR) receiving antenna of 
ETS-VIII satellite cannot be used due to improper situation at Power Supply of Linear 
Noise Amplifier (PS-LNA) (NICT, 2007). This situation allows us to use a lower gain 
of the reserved receiving antenna at High Accuracy Clock (HAC) module by 25 dBi 
rather than 43.80 dBi of the LDR receiving antenna. Again, at the ground transmitter, 
we utilize a higher 22.40 dBi-gain earth fixed-station antenna instead of 16 dBi, to 
transmit the signal from the ground. 
 In this link budget, communication system is constructed for forward link from 
the transmission (Earth fixed-station) to the reception (land vehicle) through the 
ETS-VIII satellite. The return link can be strictly calculated in this situation to allow the 
vehicle’s antenna to establish a link through the satellite. Hence, the possibility to make 
an experimental test is only by the forward link. As a result of the forward link budget, 
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the target antenna gain for 8 kbps of voice and low data transmission rate should be 
more than 5 dBic. Additionally, the link is inserted loss in the reception due to the 
feeding and tracking loss by 1.7 dB and 3 dB, respectively. This digital satellite 
communication is designed for bit error more than 110-4 rather than 110-5 in the 
previous calculation. By this link setting, the total C/N0 47.64 is dBHz and required 
C/N0 is 45.83 dBHz. As a result, communication between transmitter and receiver 
through the ETS-VIII satellite can be established with margin 1.80 dB. This minimum 
margin is presumed can be obtained by adopting a convolutional code for error 
correction in Ricean propagation channel in consideration with the average fade depth. 
In fact, the quality of communication channel at the reception (land vehicle) is 
sufficiently calculated by 64.77 dBHz. It is clear that in mobile satellite 
communications, quality of signal and transfer rate is mainly determined by the 
specification of satellite itself. Detail of the implementation of the antenna system for 
experimental test will be reported in the next chapters, particularly in Chapter 6. 
 
3.3  Beam Tracking Antennas 
 
  In general, from the antenna characteristics view, the antenna systems for 
mobile satellite communications (Ohmori, 1991; & Nishikawa, 2003), are roughly 
divided into two types, namely, conical-beam antenna and beam-tracking antenna. 
Conical-beam antennas, as shown in Fig. 3-1 (a), generate an omnidirectional beam 
(Kawakami et al., 1994; & Shoki et al., 1994) in the conical-cut direction. As the beam 
is broad in the elevation plane, the reception of radiation is always possible 
independently from the direction of the vehicle. However, as a beam is generated even 
outside the direction of arrival of the wave, a high gain cannot be achieved in the 
targeted direction. Besides, as shown in Fig. 3-1 (b) beam-tracking antennas (Kuramoto 
et al., 1988; Huang et al., 1991; Nishikawa et al., 1989; Hori et al., 1986; & Miura et al., 
1997) generate a directional beam and the beam can be deflected towards the satellite 
direction by means of phase shifters and motors when the azimuth of the mobile station 
changes. Although compared to conical-beam types, a tracking system is necessary, 
because of the generation of a directional beam, communications using a very high gain 
is possible. In addition, as a beam is not created outside of the arrival wave direction of 
the satellite, unwanted radiations from the reflected wave due to the surrounding 
buildings are lessen. From these advantages, in this dissertation, the proposed antenna 
system is designed by use of the beam-tracking method. 
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(a) Conical beam antenna            (b) Directional beam antenna 
Fig. 3-1 Conical and directional beam antennas 
 
 
3.4  Satellite Tracking Functions 
 
3.4.1  Beam Steering Method 
 
In the previous chapter, the tracking methods have already been discussed in 
general. Due to the dissertation is aimed to develop an antenna system for land vehicle 
application in mobile satellite communication system, therefore it is required that the 
whole system including the antenna should be miniaturized and the beam switching 
should be fast. As shown in Fig. 3-2, there are two kinds of beam steering methods to 
track the satellite. The first one is a mechanical method that makes use of motors 
(Kuramoto et al., 1988; & Huang et al., 1991). The second one is an electronic method 
that uses phase shifters and feeding circuit controller to electrically deflect the beam 
(Nishikawa et al., 1989; Hori et al., 1986; Miura et al., 1997; & Ohmori et al., 1990). In 
the mechanical type making use of motors, the whole system is generally large and a 
fast tracking is difficult from the switching speed point of view. In contrary, as for the 
electronic method, a miniaturization of the feeding control circuit can be considerably 
designed due to the small size of the electric components and their technical advantages. 
Furthermore, the electronic tracking method for this antenna is chosen because, when 
using the electronic type, the beam switching can automatically occur. Additionally, a 
simple method for beam scanning by on and off each feeding element of each antenna 
elements is used in this research. By use of such a method, no motor or phase shifters 
are required; hence, antenna system miniaturization, low cost and high speed tracking 
are possible to be implemented. 
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Motor
 
Control circuit
 
(a) Mechanical beam steering           (b) Electronic beam steering  
Fig. 3-2 Beam steering method 
 
 
3.4.2  Tracking Control Method 
 
 As described in Chapter 2 that closed-loop and opened-loop algorithm method 
are usually used for mobile satellite communications. The closed-loop method uses the 
satellite signal to track the satellite. The most popular closed loop method is a step-track 
method. In this case, after the received signal level from the satellite is measured, the 
angle of the antenna is increased by a step angle. The levels are compared before and 
after the antenna angle is increased. If the level is increasing the antenna angle is 
increased one more step. If the level is decreasing the antenna is moved in opposite 
direction to decrease the angle by one step. This procedure is carried out alternatively 
between the two axes. As a result, the antenna beam is kept in the satellite direction. 
The INMARSAT-A (maritime satellite communications) is one of the examples which 
closed-loop method is adopted (Subramaniam et al., 1992; & Woo, 1988).   
 The opened-loop method does not use signals from the satellite in the system, 
so it requires sensors to provide information on the mobile’s position. By knowing the 
position and the heading, mobiles can calculate the looking angle to the satellite, drive 
motors, and send information to the antenna beam controller. Some sensors are 
generally used for this method such as geomagnetic sensor and fiber optic gyro. The 
magnetic sensor can measure absolute direction although it is affected by magnetic 
disturbances of the surroundings. The fiber optic gyro has a high accuracy angle and not 
affected by travelling condition although sometimes an angle error (because cannot 
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measure absolute direction, relative angle only) is occurred (Ohmori et al., 1998; & 
Yamamoto et al., 1994). Nowadays, the Global Positioning System (GPS) is more 
familiar to navigate some vehicles. The GPS unit terminal is considerably applicable for 
satellite tracking. 
 With the above consideration to build a simple algorithm for programming and 
ease to implement into the system, the opened-loop method by using gyroscope and 
GPS navigation is proposed to be used in this dissertation. Besides, the proposed 
method has the following advantages: 
- possible to apply in land mobile satellite communication 
- provide miniaturization possibility of the system 
- low cost for implementation 
 
3.5  Beam Switching Operation  
 
  In order for the proposed antenna system to have the beam switching capability, 
N circularly polarized elements are (360°/N) sequentially rotated (Teshirogi et al., 1983 
& 1996) and set with an equal distance between each elements following a circular path. 
With such alignment, in case each element is fed in phase, by sequentially rotating them, 
their relative phase is physically shifted. Therefore, in case N = 3, as described in Fig. 
3-3, assuming the phase of the first element is 0o, when rotating the others of (360°/3 =) 
120o relatively to the center of the array antenna, phases of elements 2 and 3 are 
respectively 120o and 240o. Such a sequential rotation ensures the generation of circular 
polarization. As a result, a beam is generated in the elevation direction with the 
direction of the created beam being shifted in the azimuth plane by -90o from the 
element that is turned off. By successively turning off the feeding source of each 
antenna element, the whole azimuth range can be scanned by steps of 120o. Additionally, 
by use of this method, even when increasing the number of elements, the beam scanning 
is possible (Teshirogi et al., 1996) as it will be explained in details in the next chapter. 
Still in the case of 3 elements, from Fig. 3-3, the relationship between activated element 
and beam direction can be understood. When turning off element #1 located in Az = 90°, 
a beam is created in the azimuth direction Az = 0°. Similarly, if element #2 and #3 are 
turned off, the beam is generated in the direction Az = 120°, 240°. This phenomenon is 
easily understandable from the array theory. 
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Fig. 3-3 Beam switching operation mechanism 
 
 
3.6  Proposed Antenna System Architecture 
 
Fig. 3-4 shows a satellite-tracking system built with the beam switching 
method explained above. As shown in this figure, the localization of the satellite is 
determined, based on the location and travelling direction of the mobile station by use 
of currently available car navigation systems and gyro, and the appropriate beam 
direction is selected. Then the signal emitted by the tracking unit is received and by 
appropriately controlling the activation of the feedings of each element, through the 
switching circuit used to control the feeding of the antenna, the beam is switched in N 
directions in the azimuth plane and the satellite can be followed. Note that in this 
example, N = 3. As in the proposed system the number of controlled elements is very 
few (only three), no high precision tracking system is required, and compared to other 
general electronic tracking systems, the structure is simple and possibly in 
miniaturization. In addition, as the number of beam switching points is small, the 
occurrence of bit error during the beam switching is reduced. Moreover, because 
already existing car navigation systems (e.g. GPS system) and gyro are used, i.e. as it is 
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not necessary to constitute one independent system, the realization of a low cost system 
is possible. 
 
3.7  Conclusion  
 
The structure of a simple satellite tracking antenna system for land mobile 
satellite communications has been discussed. The structure is considered to become less 
cost of implementation because the beam is electronically steered by controlling feed 
excitation of the antenna elements, in stead of phase shifters and motors. The structure 
is simple due to less of its required elements to be controlled. In addition, from the 
tracking control method point of view, because the GPS and gyro is used as sensor 
which applicable for land vehicle, thus it is not necessary to constitute such independent 
system and possible to realize with low cost. From the above points, the antenna system 
aimed at satellite tracking is feasible to develop for the future antenna system. In the 
following chapter, development of array antenna will be presented, from simulation 
until its verification by performing measurement in the chamber.  
 
Fig. 3-4 Satellite tracking system structure 
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4.1  Introduction  
 
This chapter provides a design of array antenna by performing simulation for 
fitting the specifications and targets as reported in the previous chapter. The simulation 
is accomplished by use of the Method of Moment (MoM) analysis. It is expected that 
the designed antenna can be applied and meets the requirements for land mobile satellite 
communication, which has been specified for Engineering Test Satellite (ETS-VIII) 
applications. Hence, verification in chamber test is carried out to confirm the simulation 
results, until the results meet the antenna specifications that have been reported in 
Chapter 3. In this dissertation, the antenna is designed by use of printed antenna owing 
to its structure benefits such as thin, compact, and low profile, which is quite suitable 
for land vehicle structure. 
Various types of printed antennas can be geometrically designed in different 
shapes and dimensions. A comprehensive list of these configurations is available in 
(James & Hall, 1989). Basic shapes of microstrip antennas such as rectangular, square, 
triangular, disk, ring antennas are commonly used in practice (Garg et al., 2001). Other 
types are possibly designed and applied for recent user demands in wireless 
communications applications which tend to be smaller, integrated circuit such as 
monolithic microwave integrated circuit (MMIC), and conformal with the mounting 
system. Design of the antenna today, not only concern on its elements but also system 
and environment around them. The trends, high capacity, and high speed now are 
keywords in the future mobile communications. Small antennas with sophisticated 
function which integrated with other technologies such as semiconductor chip are 
required in the future since fast growth of the semiconductor technology which getting 
smaller and smaller with huge capacity and high capability. Therefore, in the 
dissertation, an antenna is designed to utilize such kind technology to miniaturize and 
increase the functionality of the system.  
This chapter is divided in several steps for design and development of patch 
array antennas. At the beginning, we design a single patch antenna and then it is 
arranged in array configuration. We design in two main array configuration i.e. three 
patches array antenna as receive-use antenna and six patches array antenna as 
receive-transmit use antenna. Once the arrays are constructed, the arrays are fabricated 
in order to evaluate their performances by comparing with the calculation results. Next, 
we also design a switching circuit as a control circuit to be combined with the arrays. 
The circuit performance is also tested in the laboratory to confirm its validity.  
Finally, the switching circuit is incorporated with the array antennas in order to 
realize compact antenna configuration. These arrays characteristics are evaluated again 
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in chamber measurement to finalize the antenna performance meets the specifications 
and targets. In the following sections, those works will be described in detail. Following 
these chapter works have been done, the array antennas are installed in the system to 
verify the antenna system validity, especially the performance of automatically 
electronic beam steering in terms of the beam handover, both in laboratory and outdoor 
tests. This explanation will be given in Chapter 5. 
 
4.2  Design of Single Patch Antenna  
 
4.2.1 Antenna Configuration 
 
 Single patch antenna is designed and analyzed by use of commercial simulation 
tool with the Method of Moment which is familiar and robust method to analyze 
arbitrary shapes of planar antenna. Fig. 4-1 shows the antenna structure of single 
element. The model consists of a fed-pentagonal patch antenna and an isosceles 
triangular patch, which is put on the upper layer as a parasitic element. A probe feed is 
located at the point A (see Fig. 4-1) of the radiating element. Accompany with the 
feeding location, to match the 50Ω matching input impedance, a 4 mm-air gap is 
inserted in the space between the radiating and parasitic element. Moreover, the antenna 
can be fitted to the required frequency by varying a feed location, air gap thickness and 
antenna dimension. With this consideration the antenna resonates at frequency 2.5025 
GHz as a target frequency for reception antenna in ETS-VIII applications.  
Some studies are mainly focused on rectangular and circular with their 
modified shapes (James & Hall, 1989; Garg et al., 2001) for circular polarization (CP) 
operation. A related design using pentagon for achieving CP operation is relatively 
scant. Some of them are reported in (Weinschel, 1975; Natarajan & Chatterjee, 2003). 
However, such antennas has a same model (kite-like shape) which two near-degenerate 
orthogonal modes equal amplitudes and 90 phase are excited by adjusting a line feed 
position at one side of its hypotenuse. This model has been analysed by use of 
multi-port terminal and confirmed by measurement in (Suzuki & Chiba, 1984). Again, 
by varying length of one of two hypotenuses and exciting by a probe at the certain 
position, left-handed and right-handed CP operation could be generated was reported in 
(Chen, 2001).  
In this research, another kind of pentagonal antenna is designed for CP 
operation in different mechanism. As shown in Fig.4-1, the CP operation can be 
generated by adjusting a feed position at the right side (point A) for left-hand circular 
polarization (LHCP) operation. In contrary, if the feed point put at the left side (point B), 
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the right hand circular polarization (RHCP) can be obtained. When the feeding is set at 
point A, the x-directed resonant mode will have a slightly lower resonant frequency (due 
to longer current path length) than the y-directed resonant mode, which can yield a left 
hand CP operation as shown in Fig. 4-2. In this case, antenna propagates its power 
toward z-direction while total electric wave vector as if rotates in clockwise direction. In 
addition, by setting the isosceles length of the parasitic element is shorter with ratio 0.95 
from another side, good axial ratio of the antenna can be obtained. 
 
4.2.2 Input Characteristics 
 
 Input terminal of the antenna is characterized by the S parameter. The 
magnitude of S11 represents the amount of reflection power that sends back to the 
50Ω-input. The lower value means the antenna more effective to radiate its power. In 
another word, as decreasing the magnitude of S11 of the antenna is getting good 
performance. In fact, there are two resonant modes occur for such antenna because of 
the loaded-parasitic on the antenna. From Fig. 4-3, we can understand that two resonant 
modes are generated at the coincide frequency. The impedance bandwidth (|S11| < -10 
dB) is about 5.26% as shown in Fig. 4-3. Moreover, the simulated single patch antenna 
shows a good input matching at the target frequency 2.5025 GHz by (45.27 – j0.83) Ω 
as depicted in Fig. 4-4. 
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Fig. 4-1 Single stacked-patch antenna structure 
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Fig. 4-2 Vector current distribution of single stacked-patch antenna 
 
4.2.3 Axial Ratio Characteristics 
 
Due to the use of circular polarization for communication in mobile satellite 
communications, the axial ratio characteristic is required to be confirmed. The axial 
ratio represents a capability of the antenna to receive or transmit the signal correctly by 
the given polarization. It also shows another way to show the performance of the 
antenna, instead of co- and cross-polarization performances. The simulation results 
show gain and axial ratio are 8 dBic and below 3 dB (0.5 dB) at the center frequency 
2.5025 GHz, respectively. In addition, the 3 dB axial ratio bandwidth shows about 1.3% 
as depicted in Fig. 4-5.  
 
4.2.4 Radiation Characteristics 
 
In order to grasp where and how an antenna propagates its power through the 
medium (air space), a radiation pattern is required to be examined. Radiation pattern can 
be defined as a mathematical function or graphical representation of the radiation 
properties of the antenna as a function of space coordinates. In most cases, the radiation 
pattern is determined in the far field region and is represented as a function of the 
directional coordinates (Balanis, 1997). 
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Fig. 4-3 S parameter 
 
 
2.00 2.25 2.50 2.75 3.00
-150
-100
-50
0
50
100
150
In
pu
t I
m
pe
da
nc
e 
[

 f -  Frequency [GHz]
Real
Imaginary
50
2.5025 GHz
 
Fig. 4-4 Input impedance characteristics 
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Fig. 4-5 Axial ratio characteristics at main beam direction (El = 90°) 
  
 
As for a single circularly polarized patch antenna, radiation pattern is 
characterized by an elevation-cut performance which includes the gain and the axial 
ratio is examined. Fig. 4-6 (a) describes the elevation-cut performance in the x-z plane 
or azimuth angle Az = 0°. The main beam is broadside directed towards an elevation 
angle El = 90° with a gain 8 dBic and an axial ratio 0.5 dB. The 5 dBic-gain beamwidth 
is about 42% of the elevation angles. Moreover, the 3 dB-axial ratio beamwidth covers 
54% of the elevation angles. In the y-z plane, the gain and the axial ratio performances 
are described in Fig. 4-6 (b). The 5 dBic-gain beamwidth covers almost 43% in the y-z 
plane. The 3 dB-axial ratio beamwidth can cover 71% which is wider than that of the 
x-z plane. 
Therefore, the author felt encouraged to propose this antenna (in array 
configuration) as a candidate aimed at ETS-VIII applications. The advantages of the 
proposed antenna are low profile, light weight, wide axial ratio, and high gain which 
suit for high speed data applications for land mobile satellite communications. 
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(b) 
Fig. 4-6 Radiation characteristics in the elevation direction 
(a) in the x-z plane (Az = 0° to Az = 180°) 
(b) in the y-z plane (Az = 90° to Az = 270°) 
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4.3  Three Patches Array Antenna Without Switching Circuit 
 
4.3.1 Array Configuration 
 
  Several array antennas for land mobile system have been developed aimed at 
ETS-VIII applications (Delaune et al., 2004; Sri Sumantyo et al., 2005). The 
performances of the antenna (Sri Sumantyo et al., 2005) have been experimented 
outdoor by use of a pseudo-satellite station. However, owing to large cable loss, it 
worsens the antenna characteristic, more complex structure and dimensionally took 
volume. Hence, the antenna configuration is not quite effective in terms of compactness, 
low loss and easiness in installation. From the point of view of the antenna system 
design, such a configuration is not effectively applied for future system miniaturization 
and costly implementation, is mainly considered. This dissertation try to combine 
several advantages of both of the previous developed antennas, in order to construct a 
high gain and wide bandwidth antenna (from Delaune et al., 2004) by a stack 
configuration, and possibility for dual band frequency operation (from Sri Sumantyo et 
al., 2005) by a triangular basic shape. 
  Fig. 4-7 illustrates the array antenna structure, which is composed of three 
patch elements arranged by 120° difference each other in the azimuth rotation. With this 
composition, it is expected a possibility of dual band operation antenna design for 
receive and transmit use can be arranged by a single plane only. In addition, the array 
antenna is mounted by stacked-parasitic patch to enhance the gain and the bandwidth. 
This antenna structure is expected to compensate the loss of the switching circuit, which 
is designed on the beneath of the array antenna as will be described later.   
  The dimension of a single patch on the array configuration is little bit different 
from a single patch antenna in Section 4.2, because when designing an array antenna, 
distance between two patch elements as possible as close to 0.5λ in order to generate a 
beam directed at the desired direction. The radiation characteristics of such kind of array 
configuration are reported in (Tanaka, 2004), which the array antenna can produce three 
beams in different azimuth direction (Az = 0°, 120°, and 240°). Moreover, the distance 
between tip of antenna element and center point of array composition is set in different 
length for radiating and parasitic element. By considering the axial ratio performance, 
their distance is set 8.7 mm and 9.7 mm for fed element and parasitic element, 
respectively. This array antenna will be applied as a receive use antenna. 
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Fig. 4-7 Three patches array antenna structure 
 
  The array antenna is fabricated by a conventional substrate with low 
permittivity and dissipation loss (r = 2.17; tan  = 0.0009). The overall dimension of 
the manufactured antenna is 160 mm in diameter and 6.4 mm in height as shown in Fig. 
4-8. The fabricated antenna is low profile, small, and lightweight to be mounted on car’s 
roof rather than bar-type antenna. Once it is fabricated, its all electrical performances 
are evaluated in the anechoic chamber for confirming the simulation results.  
 
 
Fig. 4-8 View of the developed three patches array antenna without switching circuit 
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4.3.2 Input Characteristics 
 
 Two resonant modes occur on the patch as clearly shown in Fig. 4-8. From Fig. 
4-8, we can understand that two resonant modes are generated at the different frequency 
which the upper limit of lower frequency mode coincides with the lower limit of the 
upper one. It can be seen that the shape of magnitude S11 makes two valleys with one 
hill in Fig. 4-8. The measured |S11| tends to meet the calculation one. The measured 
impedance bandwidth (|S11| < -10 dB) is about 6.93% (the calculation one is 6.92%). 
The isolation is more than 25 dB which is above the target isolation 20 dB. Moreover, 
the measured array composition gives a little bit lower resistance and capacitive value at 
the target frequency 2.5025 GHz by (35.90 – j0.95) Ω as shown in Fig. 4-9 rather than 
an inductive value in calculation (the calculation one is (49.20 + j3.81) Ω). However, 
with these results, the input matching is close to 50Ω of the feeding port design. 
 
4.3.3 Axial Ratio Characteristics 
 
The design of array antenna is aimed at the ETS-VIII vehicular applications. At 
the target elevation angle, the axial ratio characteristics should give a good performance 
to minimize polarization loss. The simulation result shows the axial ratio is 0.18 dB at 
frequency 2.5025 GHz for El = 48°, respectively. Meanwhile, the measured result 
shows axial ratio is rise to be 1.0 dB. The 3-dB axial ratio bandwidth shows 
approximately by 1.7%, lower than the simulation one (1.8%) as depicted in Fig. 4-11. 
In fact, the way of fabrication and procedure of measurement, affects the measurement 
results getting worse than the simulation result. In order to make a fabricated antenna 
suits the simulation result, the antenna is re-optimized until the measurement result suits 
the target for ETS-VIII specifications. Roughly speaking, the results satisfy the targets 
although it has lesser performances. 
 
4.3.4 Radiation Characteristics 
 
In array configuration, the antenna has a special characteristic of radiation 
pattern. In order to examine the antenna performances, the radiation characteristics are 
evaluated in the elevation-cut plane and in the azimuth angle direction (in this research 
is called beam switching characteristics) because the antenna purpose is intended to 
track the satellite. They are discussed below. 
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Fig. 4-9 S parameter of array antenna 
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Fig. 4-10 Input impedance characteristics of three patches array antenna 
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Fig. 4-11 Axial ratio characteristics of array configuration at El = 48° 
 
4.3.4.1  Elevation-Cut Radiation Pattern 
 
Elevation-cut radiation pattern is the radiation pattern characteristic when the 
gain and the axial ratio are taken along the elevation angles to evaluate the beam pattern 
in two-dimensions. The developed antenna beam is generated by ON and OFF 
mechanism (Delaune et al., 2004; Sri Sumantyo et al., 2005; and Tanaka, 2004), in 
which one out of three radiating elements is turned off (deactivated element). For that 
reason, there are three OFF states beam switching mechanism, precisely #1 OFF, #2 
OFF, and #3 OFF.  
  Fig. 4-12 shows the radiation characteristics of the antenna in the elevation-cut 
plane when element #1 is switched OFF. Basically, in case of the other states (#2 OFF 
or #3 OFF) similar results are obtained due to the antenna symmetrical property. It is 
assumed that from northern to southern Japan the elevation angle is 38 to 58 towards 
the satellite position. According to Fig. 4-12, the measured results suit the calculation 
results where the axial ratio satisfies the target less than 3 dB and the gain more than 5 
dBic at elevation angle El = 38–58.  
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Fig. 4-12 Radiation characteristics of fabricated antenna in the elevation direction 
for element #1 OFF 
 
4.3.4.2  Beam Switching Characteristics 
 
The beam of the antenna is generated by a mechanism that consists of 
switching OFF one of the radiating elements. By considering the mutual coupling 
between fed elements, their phase and distance, the beam direction can be varied. 
Theoretically, the generated beam is shifted of -90° in the azimuth direction from the 
element that is switched OFF, in the case of a LHCP antenna. For example, when 
element #1 (refers to Fig. 4-7) placed at Az = 90° is switched OFF, the beam is 
theoretically directed toward the azimuth angle Az = 0° (see Fig. 4-13(a)). The other two 
beams for reception can be generated in the same manner, switching each element OFF 
successively (element #2 and #3 OFF) generates beams at Az = 120° and 240°, 
respectively. 
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(b) 
Fig. 4-13 Beam Switching Characteristics in Conical-Plane for El = 48° 
(a) LHCP gain (b) axial ratio 
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The simulation and measured results of gain and axial ratio characteristics of 
the beam switching in the azimuth plane are shown in Fig. 4-13. The tendency of the 
measurement results is same as the simulation ones, even though some discrepancies 
exist. The simulation results shows that at the center beam, the gain of each beam is 7.6 
dBic and the axial ratio is 0.2 dB for each OFF condition. Meanwhile, the measurement 
values are averaged down in 0.2 - 0.5 dB rather than that of the simulation results. But, 
the array still meets the target gain more than 5 dBic in the whole azimuth angles at 
elevation angle El = 48°. The 3-dB axial ratio coverage of the simulation result can 
cover 360° in the conical-cut plane at El = 48°. Whereas, the measured axial ratio 
increases for each OFF condition, but the 3-dB axial ratio coverage of the measured 
result can cover 360° in the conical-cut plane at El = 48°. However, the beam is 
possibly switched at minimum gain 6.3 dBic (0.2 dB lower than the simulation) and 
although the axial ratio is shifted from the switched point, to cover 360° conical-plane 
the minimum axial ratio below 3 dB is possibly to be obtained. Hence, the results suit 
the targets in Table 3-1 in Chapter 3 (minimum gain 5.0 dBic) and cover the whole 
azimuth angles (the 5-dBic beamwidth is more than 120° for each OFF beam state). 
Following is the development switching circuit for incorporating with the array antenna 
to electronically switch the beam in the azimuth direction. This circuit is worthwhile 
device to develop a simple antenna system as described in the research objectives. 
 
4.4  Six Patches Array Antenna Without Switching Circuit 
 
4.4.1 Array Configuration 
 
 The array antenna is dual-frequency use, three patches for receiving antenna 
and another three patches for transmitting antenna. The antenna is composed of two 
layers, i.e. parasitic elements with air gap and fed elements. The fed elements are six 
pentagonal patches that directly excited from the feeding line on layer 3. The parasitic 
elements consist of six isosceles triangular patches, where each patch position is 
respected to each fed patch at the lower layer, in order to enhance gain and bandwidth 
of the antenna. The air gap is inserted at area between the fed and parasitic element to 
match with 50Ω input impedance. The antenna can excite two near-degenerate 
orthogonal modes of equal amplitudes and 90º phase difference for left-handed circular 
polarization (LHCP) operation. Axial ratio is obtained by adjusting the feeding point of 
fed element, air gap height, and parasitic element dimension. However, when the 
isosceles length of the parasitic patch is set by ratio 0.95 to another side, good axial 
ratio is obtained. Further, with such a design, the antenna becomes dimensionally 
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compact. The antenna is fabricated by a conventional substrate with low permittivity 
and dissipation loss (r = 2.17; tan = 0.0009). The overall dimension of the 
manufactured antenna is 160 mm in diameter and 6.4 mm in height, which is sufficient 
space for installing on car’s roof in consideration with an aerodynamic design. Once it 
is fabricated, its all electrical performances are evaluated in the anechoic chamber for 
confirming the simulation results.  
  The dimension of each patch on the six patches array configuration is a bit 
different from a single patch from single configuration as well as from the three patches 
array configuration, because of the consideration of the specifications and targets. This 
array can produce six beams in different azimuth direction, one three beams for 
receive-use (Az = 60°, 180°, and 300°) and another three beams for transmit-use (Az = 
0°, 120°, and 240°), as referred to Fig. 4.14. The distance between tip of antenna 
element and center point of array composition is set in different length for transmitting 
patches and receiving patches for considering the axial ratio, gain and isolation. The 
distances are set 8.7 mm and 18.7 mm for transmitting patches and receiving patches of 
the fed elements, respectively. Whereas, as for the parasitic elements, the distances are 
9.7 mm and 19.7 mm, respectively for transmitting patches and receiving patches.   
     
 
 
Fig. 4-14 Six patches array antenna structure  
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Fig. 4-15 View of the developed three patches array antenna without switching circuit 
 
4.4.2 Input Characteristics 
 
 Two resonant modes are excited by the shape of magnitude S11 makes two 
valleys with one cliff as depicted in Fig. 4-16. Two resonant modes are generated at two 
different frequencies which the upper limit of lower frequency mode coincides with the 
lower limit of the upper one. The measured S-parameter gives a good agreement with 
the calculation result. The impedance bandwidth (|S11| < –10 dB) is about 8.11% and 
7.04% for receiving (Rx) and transmitting (Tx) antenna, respectively. The isolation is 
more than 15 dB at each center frequency of Rx (2.5025 GHz) and Tx (2.6575 GHz) 
element as depicted in Fig. 4-17. Thus, the impedance bandwidth is more than what is 
required for ETS-VIII applications. 
 
4.4.3 Axial Ratio Characteristics 
 
The axial ratio characteristics with its frequency are depicted in Fig. 4-18. Here, 
we take property of the axial ratio at the target inclination angle relatively to the satellite 
(El = 48º) for both two simultaneous beams of Rx and Tx elements (i.e. when patch no.1 
is switched-off). We intend to match the axial ratio characteristics precisely at the center 
frequency of Rx and Tx bands. The axial ratio is approximately 0.28 dB for Rx element 
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at frequency 2.5025 GHz and 1.47 dB for Tx at 2.6575 GHz. Moreover, the 3-dB axial 
ratio bandwidth gives about 2.20% and 1.50% for Rx and Tx, respectively, which is 
satisfied the ETS-VIII requirements. 
 
4.4.4 Radiation Characteristics 
 
Our developed antenna has a beam that is generated by switching-on and off 
mechanism where one of three fed patches is turned off. Therefore, there should be 
three off-state beams of the antenna for each Rx and Tx element i.e. 1off, 2off and 3off. 
In this paper, we provide a single example performance for radiation characteristics in 
elevation-cut plane namely 1off beam, whereas in azimuth direction, the radiation is 
mainly characterized by beam-switching performance at El = 48º. The measurement and 
calculation results are evaluated at the center frequency, precisely at 2.5025 GHz and 
2.6575 GHz for receiving antenna and transmitting antenna, respectively. They are 
discussed below. 
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Fig. 4-16 S parameter of six patches array antenna 
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Fig. 4-17 Isolation characteristics of six patches array antenna 
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Fig. 4-18 Axial ratio characteristics of array configuration at El = 48° 
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4.4.4.1 Elevation-Cut Radiation Pattern 
 
  Figure 4-19 shows the radiation pattern seen by cutting the main antenna beam 
direction in the elevation angle (El) plane. The graphs represent a single radiation 
pattern for receiving antenna (Fig. 4-19(a)) and transmitting antenna (Fig. 4-19(b)), 
where the main beam is directed to Az = 60º and Az = 0º, respectively. The measurement 
results show that the gain is 6.67 dBic and 5.62 dBic at El = 48º for Rx and Tx antenna, 
respectively. The axial ratio of Rx antenna is 1.06 dB and Tx antenna is 1.28 dB. It is 
noted that the antenna has Rx and Tx gain is more than 5 dBic with axial ratio below 3 
dB at the target El = 48º. 
 
4.4.4.2  Beam Switching Characteristics 
 
Our antenna system is designed to rely on electronically beam-switching 
mechanism for tracking the satellite regardless considering on the inclination angle 
between ground vehicle and the satellite. With this mechanism, simple and low cost 
system is possible to be employed. In order to verify the antenna beam in the azimuth 
direction we are required to observe the coverage of the radiation pattern for each three 
beams of the receiving and transmitting antenna.  
Figure 4-20(a) depicts the radiation characteristics of receiving antenna at El = 
48º in the azimuth direction. By referring the antenna configuration in Fig. 4-14, each 
main beam of the antenna is generated at Az = 60º, 180º and 300º. We have confirmed 
that the measured gain and the axial ratio of the receiving antenna (Rx) have 360º of the 
coverage by more than 5 dBic and less than 3 dB, respectively, by combining three 
selectable beams.  
As for the transmitting antenna (Tx), the radiation characteristics in azimuth 
direction are described in Fig. 4-20(b). Each of three main beams is generated at Az = 0º, 
120º and 240º. The measured gain is more than 5 dBic to cover all azimuth angles, 
whereas the axial ratio less than 4 dB even though the calculation result shows below 3 
dB. This discrepancy appears owing to its fabrication and or measurement error that 
inevitably exists. However, in general, this dual-band array antenna can realize a 
compact design in order to implement simple and low cost antenna system in the near 
future technology. 
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(b) 
Fig. 4-19 Radiation characteristics of fabricated antenna in the elevation direction 
for element #1 OFF (a) receive-use element (b) transmit-use element 
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(a) 
 
(b) 
Fig. 4-20 Beam Switching Characteristics in Conical-Plane for El = 48° 
(a) receive-use element (b) transmit-use element 
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4.5  Design of Switching Circuit  
 
4.5.1  Configuration 
 
 The switching circuit aimed at antenna’s beam switching mechanism for 
ETS-VIII application has been developed in (Kaneko, 2006). However, it was 
developed in separate device rather than mounted onboard with the antenna. The circuit 
was connected with the array antenna by use of some RF cables. Hence, in this case, the 
antenna performances got worse since a lot of losses exist on the connection between 
antenna and the circuit. In order to minimize such losses, in this dissertation, a 
switching circuit that mounted on the array antenna layer is proposed. 
The proposed switching circuit consists of one input port rather than two inputs 
(Kaneko, 2006) and three output ports as shown in Fig. 4-21. One input port (PORT 1) 
is connected to the radio frequency (RF) signal directly while the three output ports 
(PORT 2, 3 & 4) are connected to each respective antenna element. In this design, a 
microstrip line combining with some chip semiconductors are used for switching circuit. 
Moreover, a power divider is employed to combine two input ports into one port only. 
Basically, the switching circuit in Fig. 4-21 is based on the combination of two 
series Single Pole Double Throw (SPDT) circuits (Ichikawa, 2003), which two output 
ports of each SPDT is coincided to become one output port. The circuit function 
mechanism could be explained as follows. 
First, in order to flow the RF signal into PORT 3 and PORT 4 from PORT 1 
when PORT 2 is OFF, the bias voltages V1, V2 and V3 (Table 4-1) should have a 
reversed, a forwarded, and a reversed bias, successively. In the same manner, it can be 
applied in case of the PORT 3 or PORT 4 is OFF as shown in Table 4-2.  
In this switch circuit, there is a LC (inductor-capacitor) circuit associated with 
the PIN diode. This LC circuit is proposed to establish a condition of stable frequency 
in circuits because it produces resonance frequency. 
The switching circuit print pattern is shown in Fig. 4-22. In order to integrate 
several small components, the print pattern is made as compact as possible. Moreover, 
the author uses a microstrip line as transmission line to connect input and output port to 
each other. In this case, a 50Ω transmission line is considered in design to meet the 50Ω 
coaxial cable. 
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 Port 1
C1
C1 C1 C1
C1
C1 C1C1
L1 L1 L1L1C1
R1 R1
L2 L2
L3L3 L3
C2 C2 C2
V3V2V1
D1 D2 D3 D4
Port 3Port 2 Port 4  
Fig. 4-21 Schematic diagram of switching circuit 
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Fig. 4-22 Print pattern of switching circuit 
 
 
 
 
 
 
 
Development of Simple Antenna System for Land Mobile Satellite Communications 
 
 - 82 - 
 
Chapter 4 
Design and Development of Planar Array Antenna 
TABLE 4-1 VALUE OF THE COMPONENTS IN FIG. 4-21 
L1 6.8 nH C2 100 pF 
L2 33 nH R1 200  
L3 22 nH   
C1 10 pF     
 
TABLE 4-2 APPLIED BIAS-VOLTAGE OF THE CIRCUIT IN FIG. 4-21 
OFF Port V1 V2 V3 
2 - + - 
3 + OFF - 
4 + - + 
 
 
4.5.2  Switching Circuit Performances  
 
The circuit performance is analyzed by using Ansoft Designer v.2.2 software 
which is different from antenna analysis as reported in the previous sections. Fig. 4-23 
(a), (b) and (c) show the S parameter performances of the proposed switching circuit for 
PORT 2 OFF, PORT 3 OFF, and PORT 4 OFF, respectively. In the case of PORT 2 
OFF, the insertion loss of ON-state ports i.e. S31 and S41, is about 0.76 dB and 0.69 dB 
at frequency 2.50 GHz, respectively. The isolation of OFF-state port (S21) is 34.14 dB. 
Moreover, the isolation of output-port (S43) is about 41.67 dB.  
Fig. 4-23(b) describes the S parameters when PORT 3 is in OFF-state. The 
insertion loss of ON-state ports i.e. S21 and S41 both is about 0.69 dB at frequency 2.50 
GHz. The isolation of OFF-state port (S31) is 27.95 dB. In addition, the isolation of 
output-port (S42) is about 47.31 dB. 
 Finally, the S parameter of PORT 4 OFF is shown in Fig. 4-23(c). The 
insertion loss of ON-state ports (S21 and S31) is 0.69 dB and 0.76 dB at frequency 2.50 
GHz, respectively. The isolation of OFF-state port (S41) is 34.14 dB. Moreover, the 
isolation of output-port (S32) is about 41.67 dB. The results are summarized in Table 
4-3. 
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(b) PORT 3 OFF 
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(c) PORT 4 OFF 
Fig. 4-23 S parameter performances of switching circuit 
 
TABLE 4-3  
S PARAMETERS VALUES FOR OFF-STATE OF THE OUTPUT-PORTS (@ 2.50 GHZ) 
  
OFF Port
Insertion loss of 
ON-state ports 
[dB] 
Isolation of 
OFF-state ports 
[dB] 
Isolation of 
output port [dB] 
2 0.76, 0.69 34.14 41.67 
3 0.69, 0.69 27.95 47.31 
4 0.69, 0.76 34.14 41.67 
 
TABLE 4-4  
PHASE VALUES FOR ON-STATE OF THE OUTPUT-PORT (@ 2.50 GHZ) 
OFF Port Output port phase [deg] 
2 134.02 (S31)，133.25 (S41) 
3 134.14 (S21)，134.14 (S41) 
4 133.25 (S21)，134.02 (S31) 
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(b) PORT 3 OFF 
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(c) PORT 4 OFF 
Fig. 4-24 Phase of S parameters of switching circuit 
 
The phase values for ON-state of the output-port are less than 1º for each 
OFF-state condition. In the case PORT 3 OFF the phase is 0º because the path length is 
similar (refer to Table 4-4). They are illustrated in Fig. 4-24 which almost the phase of 
circuit does not change between two expected-output ports. 
From the aforementioned results, it can be stated that the insertion loss of the circuit is 
less than 1 dB. The isolation of OFF-state port is more than 25 dB which meets the 
minimum target. In addition, the output ports are completely isolated by more than 40 
dB. 
The fabricated switching circuit is depicted in Fig. 4-25. The circuit is 
functioned as a feeding control of the array antenna. As pictured in the figure, the input 
port will be connected to the RF signal and three other ports are connected to each 
respective array element. For employing at the array antenna, the microstrip lines may 
be longer than the picture to deal with the dimension. It is also installed the bias lines 
for controlling the circuit from the external device. 
The performance of the developed circuit is described in Fig. 4-26. The 
measurement of insertion loss and isolation were less than 0.80 dB and more than 35 dB 
at frequency 2.5025 GHz, respectively, are confirmed. Since the circuit activates only 
two output ports without phase shifting, the delay phase is required to be clarified. The 
phase difference is less than 1º between two active-output ports of the circuit. Hence, 
low loss circuit can be realized.  
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Fig. 4-25 Fabricated switching circuit 
 
 
Fig. 4-26 Insertion loss and isolation of the developed switching circuit 
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4.6  Three Patches Array Antenna with Onboard Switching Circuit  
 
4.6.1  Array Configuration 
 
  Fig. 4-27 describes the array antenna structure which composed of three single 
pentagonal patch antenna which excited directly from the feeding network on the 
beneath of the construction. In the top of the structure is laid three isosceles triangular 
patches as parasitic elements. To match with 50Ω input feed, air gap is inserted at the 
area between the fed elements and the parasitic elements. To simplify the system 
configuration, the switching circuit is combined with the feeding network and 
embedded at the beneath of the antenna (see Fig. 4-27). With this structure the antenna 
becomes simple, compact and low loss, because no need a power divider to distribute 
power signal to the antenna elements. The proposed configuration is fabricated with 
conventional substrate whose dielectric constant εr = 2.17 including the feeding network 
and switching circuit as shown in Fig. 4-28. To control the switching circuit and to 
connect with the control unit (currently, with a laptop PC), three bias cables are attached. 
Input port with SMA connection is available for RF connection to the receiver. 
     
 
Fig. 4-27 Three patches array antenna structure with switching circuit 
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(a) Front and side views 
 
(b) Rear view 
Fig. 4-28 External view of the fabricated three patches array antenna with onboard 
switching circuit 
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4.6.2 Input Characteristics 
 
 Owing to the stacked-parasitic patch configuration, two generated-resonant 
modes enhance impedance bandwidth as described in Fig. 4-29. Comparing to the 
previous array configuration of which no switching circuit, the antenna the impedance 
bandwidth (|S11| < -10 dB) wider about 9.50% rather than 6.92%. The effect of 0.8 mm 
thickness of the feeding circuit increases the bandwidth. Moreover, the measured 
antenna gives a good input matching at the target frequency 2.5025 GHz by (42.44 – 
j13.41) Ω as displayed in Fig. 4-30. 
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Fig. 4-29 S parameter of switching circuit-mounted three patches array antenna 
 
4.6.3 Axial Ratio Characteristics 
 
The array antenna gives a good performance for for El = 48° at the target 
frequency. Good axial ratio is required to eliminate polarization tracking because of 
circular polarization (Ohmori, 1991 & 1998). The measured result shows the axial ratio 
is 1.0 dB at frequency 2.5025 GHz for each generated-beam. In addition, the 3 dB axial 
ratio bandwidth gives about 1.6% as shown in Fig. 4-31.  
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Fig. 4-30 Input impedance characteristics of three patches array antenna 
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Fig. 4-31 Axial ratio characteristics of three patches array antenna at El = 48° 
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4.6.4 Radiation Characteristics 
 
4.6.4.1 Elevation-Cut Radiation Pattern 
 
Fig. 4-32 shows the radiation characteristics of the antenna in the elevation-cut 
plane when element #1 is switched OFF. It is shown that the gain decreases rather than 
that of the array configuration with no switching. It can be understood because the array 
antenna is mounted by feeding circuit whose the power divider circuit is included. The 
loss of such circuit cannot be ignored. However, the gain more than 5 dBic and the axial 
ratio less than 3 dB satisfy at elevation angle El = 48.  
   
 
4.6.4.2 Beam Switching Characteristics 
 
Fig. 4-33 shows the measurement results of gain and axial ratio characteristics 
of the beam switching in the azimuth plane at El = 48°. The measured results show that 
the gain of each beam is averaged down about 1.5 dB rather than that of the 
configuration with no switching. However, the 5 dBic-coverage in the 360° of the 
conical direction is satisfied. Moreover, the beam is possibly switched at minimum gain 
5.2 dBic and the axial ratio below 3 dB is possibly to be obtained. In the next chapter, 
this array antenna is experimentally performed in the system configuration to evaluate 
beam switching performance manually and automatically using gyroscope sensor and a 
developed program. 
 
4.7  Six Patches Array Antenna with Onboard Switching Circuit  
 
4.7.1  Array Configuration 
 
  In principle, this array is dual-frequency use, three patches for receiving 
antenna and another three patches for transmitting antenna. The antenna is composed of 
three layers (see Fig. 4-34), i.e. parasitic elements with air gap (layer 1), fed elements 
(layer 2) and switching circuit (layer 3). The fed elements are six pentagonal patches 
that directly excited from the feeding line on layer 3. The parasitic elements at the layer 
1 consist of six isosceles triangular patches, where each patch position is respected to 
each fed patch at layer 2, in order to enhance gain and bandwidth of the antenna. The air 
gap is inserted at area between the fed and parasitic element to match with 50Ω input 
impedance. The antenna can excite two near-degenerate orthogonal modes of equal 
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amplitudes and 90º phase difference for left-handed circular polarization (LHCP) 
operation. Axial ratio is obtained by adjusting the feeding point of fed element, air gap 
height, and parasitic element dimension. When the isosceles length of the parasitic patch 
is set by ratio 0.95 to another side, good axial ratio can be achieved. Further, with such a 
design, the antenna becomes dimensionally compact. The antenna is fabricated by a 
conventional substrate with low permittivity and dissipation loss (r = 2.17; tan = 
0.0009). The overall dimension of the manufactured antenna is 160 mm in diameter and 
7.2 mm in height, which is sufficient space for installing on car’s roof and covered by a 
radome for considering an aerodynamic feature.  
    The fabricated array antenna is pictured in Fig. 4-35, where it mainly 
purposed for the field measurement campaign that will be reported in Chapter 6. On the 
array, we put three 50 terminators to terminate with the matching circuit. With this 
configuration, it is expected to avoid re-radiation effect from the transmitting elements 
during measurement campaign in the field. As stated in Chapter 3, we cannot conduct a 
mobile measurement both in forward and return communication with current situation 
because of the improper satellite operation. However, we need to verify the six patches 
array antenna performance regardless the return link.  
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Fig. 4-32 Radiation characteristics of three patches array antenna in the elevation 
direction for element #1 OFF 
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(b) 
Fig. 4-33 Beam Switching Characteristics in Conical-Plane for El = 48º 
(a) LHCP gain (b) axial ratio 
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Fig. 4-34 Six patches array antenna structure with switching circuit 
 
 
Fig. 4-35 External view of the fabricated array antenna with onboard switching circuit 
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4.7.2 Input Characteristics 
 
 With stacked-parasitic configuration, the array can be enhanced in terms of the 
impedance bandwidth. As described in Fig. 4-36, compared to the six patches array 
configuration without switching circuit, this embedded array shows the impedance 
bandwidth (|S11| < -10 dB) wider about 8.45% rather than 8.11% for receiving element. 
This is because of the effect of 0.8 mm thickness at the feeding circuit. Moreover, the 
measured antenna gives a good input matching at the target frequency 2.5025 GHz by 
(50.28 – j24.86) Ω in case of patch no. 1, as shown in Fig. 4-37. 
 
 
Fig. 4-36 S parameter of switching circuit-mounted six patches array antenna 
 
4.7.3 Axial Ratio Characteristics 
 
The measurement is performed in similar characteristics in the preceding axial 
ratio at main center look angle El = 48°. The array antenna gives a good performance 
for for El = 48° at the target frequency 2.5025 GHz. The measured result shows the 
axial ratio is 0.5 dB at frequency 2.5025 GHz for each generated-beam. In addition, the 
3 dB axial ratio bandwidth gives about 1.89% as shown in Fig. 4-38.  
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Fig. 4-37 Input impedance characteristics of fabricated antenna 
 
 
Fig. 4-38 Axial ratio characteristics of fabricated antenna at El = 48° 
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4.7.4 Radiation Characteristics 
 
4.7.4.1 Elevation-Cut Radiation Pattern 
 
Fig. 4-39 shows the radiation characteristics of the antenna in the elevation-cut 
plane when element #1 is switched OFF. It is shown that the gain decreases rather than 
that of the array configuration without switching circuit. It is well understandable 
because the array is embedded by a feeding circuit whose the power divider circuit is 
present. The loss of such circuit cannot be ignored. However it exists, the gain more 
than 5 dBic and the axial ratio less than 3 dB satisfy at elevation angle El = 48.  
   
 
Fig. 4-39 Radiation characteristics of fabricated antenna in the elevation direction 
for element #1 OFF 
 
4.7.4.2 Beam Switching Characteristics 
 
Fig. 4-40 shows the measurement results of gain and axial ratio characteristics 
of the beam switching in the azimuth plane at El = 48°. The measured results show that 
the gain of each beam is averaged down about 1.1 dB rather than the array without 
switching circuit. In spite of this fact, the 5 dBic-coverage in the 360° of the conical 
direction is satisfied, where the beam is possibly switched at minimum gain 5.2 dBic 
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and the axial ratio below 3 dB is possibly to be obtained. In chapter 6, this six patches 
array antenna is experimentally tested in the field measurement campaign. 
 
 
(a) 
 
(b) 
Fig. 4-40 Beam switching characteristics in conical-plane for El = 48º 
(a) LHCP gain (b) axial ratio 
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4.8  Conclusion  
 
Design and development of a circularly polarized patch array antenna for 
mobile satellite communications has been described. We have numerically analyzed and 
discussed the patch antenna from a single patch structure, three patches array, six 
patches array, and switching circuit, until their integrated-structure as one of our goals 
to develop a compact structure of the array antenna. The goal array structure consists of 
six single patches divided into two of each three patches for receive and transmit-use 
antenna.  
At first step, three patches array antenna is arranged by 120° difference each 
other in the azimuth rotation. The structure is composed by stacked-parasitic patch to 
enhance the gain and bandwidth. The numerical results show that wide impedance 
bandwidth, low axial ratio, and satisfied radiation characteristics in the azimuth 
direction at the target frequency 2.5025 GHz for elevation angle El = 48°. The beam 
switching characteristics are possible to be implemented at the gain more than 5 dBic 
and the axial ratio less than 3 dB. In addition, the gain above 5 dBic and the axial ratio 
below 3 dB can be obtained at elevation angles between 38° – 58° as latitude of Japan 
area. The switching circuit design and its performances have been also presented. The 
results show good S performances for insertion loss and isolation between two 
OFF-ports. Combining the switching circuit on the array antenna allows a compact 
vehicular antenna design.  
At final antenna structure, we have developed the switching circuit mounted 
array antenna in two structures i.e. three patches array and six patches array aimed at the 
field measurement campaign for verifying the antenna system validity in real 
environment. The measurement shows well suited performances (especially the beam 
handover possibility by more than 5 dBic) in the target center frequency 2.5025 GHz for 
look angle El = 48°. Since the gain and axial ratio characteristics are quite sufficient, it 
is incorporated with the tracking function in order to verify the antenna system for 
satellite tracking purpose. This description will be briefly reported in Chapter 6. 
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5.1  Introduction  
 
In the previous chapter, an array antenna has experimentally been performed to 
confirm the simulation results. The measured results show good performances are 
confirmed. Moreover, the array antenna is embedded with the switching circuit is 
discussed. The satisfied results is obtained although the gain decreases about 1.5 dB, but 
still in the target of specification, because at the beginning of our design, the antenna is 
designed for more than the target gain and wide bandwidth and good axial ratio.  
Various antenna systems for land mobile satellite have been developed with 
some kind of methods, either mechanical method (Kuramoto et al., 1988) or electronic 
method using closed-loop (Subramaniam et al., 1992) and opened-loop control 
(Yamamoto et al., 1994). The current state of the antenna systems is huge and weighty 
even they use an electronic function beam control. Hence, in order to minimize a bulky 
system and its complexity, this dissertation investigates a simple system using 
electronic beam-steering and combined with opened-loop control method. By utilizing 
such beam control function, we conduct the measurement in the anechoic chamber as 
well as in the outdoor test. 
This chapter provides the three patches array antenna onboard with switching 
(see Fig. 4-28 in Chapter 4) measurement in the system. It is expected that the measured 
antenna system gives good performances aimed at land mobile satellite communication 
especially for Engineering Test Satellite (ETS-VIII) applications. To do that, at first, a 
procedure and configuration of antenna system measurement are described. Then, the 
array antenna is experimentally performed in the chamber measurement by use of the 
developed program and gyro sensor as a navigation system. In this case, we perform the 
beam switching characteristics to evaluate tracking capability of the antenna. Here, the 
capability of antenna to switch each beam and follow the transmission antenna is 
performed. How the developed tracking program runs, is also presented. Next, the 
developed antenna is mounted on the ground plate and covered by a radome to evaluate 
their effects to the performances of the antenna. The measured results precisely the 
beam switching characteristics in automatic tracking are presented. Lastly, the outdoor 
test is presented to verify the chamber measurement as a preliminary field measurement 
aimed at the field mobile measurement in various areas using the ETS-VIII by installing 
the antenna system in vehicle. Following these system experiments succeed, we conduct 
the field mobile measurement for realizing an application in the real environment. 
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5.2  Verification of Antenna System without Radome and Ground 
 
5.2.1 Experimental Set Up  
 
  In order to prepare an outdoor experiment using ETS-VIII satellite, the antenna 
system is required to be evaluated in the chamber experiment. To set up the indoor 
measurement, three main components are used, namely the array antenna, a GPS unit 
with gyro sensor, and an application program to control the switching circuit from the 
laptop PC as shown in Fig. 5-1.  
  The fabricated array antenna is put on the upper layer of the high-styrofoam 
block (due to its permittivity similarity with the air), which is laid on the rotator. The 
GPS unit with gyro sensor capability is put on the beneath of the antenna structure. The 
antenna and GPS-Gyro unit are connected to the laptop PC as illustrated in Fig. 5-1. The 
situation in the anechoic chamber for the measurement is depicted in Fig. 5-2. 
    In this measurement, the transmitting (Tx) antenna is supposed to be a 
satellite and the array antenna (as a receiving antenna) is mounted on the rooftop of car 
while it is travelling and turning on the road, as described in Fig. 5-1 and 5-2. Therefore, 
to make the capability in communication between antenna and satellite, the antenna 
should be able to track its beam pursuing the satellite. Here, the capability of the 
antenna to switch automatically its beam pursuing Tx antenna is examined. In 
evaluation of such performance, the sensor and a control program are required and will 
be described in the following section. 
 
Network
analyzer
Tx antenna
El = 48o
Antenna
2.5025 GHz
2.5025 GHz
RotatorSignal 
generator
PCGPS-gyro
 
Fig. 5-1 Antenna system experimental set up (antenna with no radome and ground) 
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Fig. 5-2 Experiment circumstance in anechoic chamber 
    
 
5.2.1.1 GPS-Gyro Unit 
 
  In this experiment, the gyro sensor data of the GPS-Gyro unit (namely a 
movement direction value of rotator) is acquired and processed in an application 
program to yield the bias voltages by which the performance of the switching circuit can 
be controlled. The GPS-Gyro unit is set on the beneath of the array antenna and put 
together on the rotator (see Fig. 5-2). 
 
5.2.1.2 Application Program 
 
  This is an applet consists of two routines codes i.e. Gyro sensor code and 
Digital to Analog (DA) code. Gyro sensor code specifies retrieving the gyro sensor data 
from the GPS unit by sending the hexadecimal number format as input data of the 
GPS-Gyro unit. Then, the rotating direction output is converted into decimal number. 
Lastly, the DA code determines which element of the antenna should be switch “OFF” 
and generates three voltages values state to control the connected-switching circuit. 
With this code the beam of the array antenna can be directed always to the transmitting 
antenna. The beam mechanism’s rule for tracking is summarized in Table 5-1. A menu 
display of the developed program is shown in Fig. 5-3. The detail of the listed program 
is described in Appendix A of this dissertation. 
 
 
 
Development of Simple Antenna System for Land Mobile Satellite Communications 
 
- 106 -
Chapter 5 
Verification of Antenna System in Stationary Measurement 
 
TABLE 5-1 
BEAM SWITCHING MECHANISM’S RULE FOR CONTROLLING THE SWITCHING CIRCUIT 
Bias voltage of  
Switching Circuit 
V1 V2  V3  
OFF 
patch 
Rotating direction 
(azimuth angle-Az)
(Volt) (Volt) (Volt) 
0° - 60° or #1 
300°- 360° 
-3 3 -3 
#2 60° - 180° 3 0 -3 
#3 180°- 300° 3 -3 3 
 
 
 
Fig. 5-3 Developed application program for tracking measurement 
 
 
5.2.2 Measurement Results 
  
Tracking Performance 
 
The beam of the antenna is generated by a mechanism that consists of 
switching OFF one of the radiating elements as explained in Chapter 4. There are three 
beams which generated by switching each element OFF successively. Element #1 OFF 
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generates beam at Az = 0°, #2 OFF and #3 OFF each gives beam at Az = 120° and 240°, 
respectively. By performing manual beam switch using a control program, three beams 
are separately generated in certain azimuth direction as expected (not displayed here). 
The results show the gain covers above 5 dBic and the axial ratio less than 3 dB. Then, 
we decide at which point we want to switch each beam automatically by considering the 
gain value at the coincide point of each beam.  
Since the beam is possibly to be switched at minimum gain 5.3 dBic, we decide 
to switch at azimuth angle Az = 56°, 180°, and 312°. With this decision, the gain can be 
switched automatically at the aforementioned azimuth angles and the axial ratio for each 
beam satisfies below 3 dB as expected to cover 360° conical-plane is confirmed. Such 
tracking performance is depicted by solid-line in Fig. 5-4. 
 
 
 
Fig. 5-4 Switchable-beam characteristics of the antenna in automatic tracking for 
antenna system without radome and ground 
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5.3  Verification of Antenna System with Radome and Ground  
 
5.3.1  Experimental Set Up 
 
  The set up of this measurement is the same as the previous section when the 
antenna system does not use radome and ground plate. The difference is only the use of 
radome and ground plate for simulating with real environment since the antenna will be 
mounted on the car-rooftop and traveling with weather-bound such as rain, snow, and 
wind. The set up configuration is shown in Fig. 5-5. 
  The antenna is put on the 50×50 cm2 aluminum-ground plate attached by 
some of plastic screws for tightening purpose. The antenna is covered by diameter×
thickness = 250×2 mm2 Polyethylene Terephthalate (PET) hemisphere-radome (εr = 
3.0) (GoodFellow, 2010) at 84.8 mm of distance from the parasitic patch. Hemisphere 
radome is used because less of loss effect in scattering and small change of receiving 
signal phase. With this configuration, it is expected can protect the antenna from the 
weather-bound with no effect to the antenna performances especially gain and axial 
ratio. The detail of the antenna structure is illustrated in Fig. 5-6. The situation in 
anechoic chamber for tracking measurement is depicted in Fig. 5-7.  
     
Network
analyzer
Tx antenna
El = 48o
Antenna, ground & 
radome
2.5025 GHz
2.5025 GHz
RotatorSignal 
generator
PCGPS-gyro
 
Fig. 5-5 Antenna system experimental set up (antenna with radome and ground) 
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Fig. 5-6 Details structure of the array antenna with ground plate and radome 
 
 
 
Fig. 5-7 Experiment circumstance in anechoic chamber using radome & ground 
 
 
5.3.2 Measurement Results 
 
Tracking Performance 
 
The results of beam switching characteristics show that the gain covers above 5 
dBic and the axial ratio less than 3 dB (with some ripples due to the ground plate effect) 
in the azimuth angles in different perspective between gain and axial ratio. It means if 
each gain and axial ratio are switched by different switched-azimuth angle 
corresponding its beam coincide-value. Due to the difference coverage between the gain 
and the axial ratio, we decide at which point we want to switch each beam automatically 
by considering the gain value at coincide point of each beam, although the axial ratio 
will increase at those points. 
The beam is possibly to be switched at minimum gain 5.3 dBic, allowing to 
decide for switching at azimuth angle Az = 56°, 178°, and 314°. With this decision, the 
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gain can be switched automatically at the aforementioned azimuth angles and the axial 
ratio for each beam satisfies below 3.5 dB to cover 360° conical-plane is confirmed. 
The axial ratio is 0.5 dB higher rather than that of configuration with no radome. The 
tracking performance is depicted in Fig. 5-8. 
 
 
Fig. 5-8 Switchable-beam characteristics of the antenna in automatic tracking for 
antenna system with radome and ground 
 
 
5.4  Verification of Antenna System in Outdoor Test  
 
5.4.1  Experimental Set Up 
 
  In fact, the measurement that has been carried out in the anechoic chamber, 
especially due to some environment constrictions exist (i.e. distance of the measurement 
by use of wide ground plate is in range of Fresnel region) to comply an ideal 
measurement, the measurement is required to be confirmed in wider area. In order to 
comply such a procedure, we conduct a measurement in outdoor by use of the satellite 
signal at the center frequency 2.5025 GHz where the distance is far away (comply with 
the far field region) to verify the preceding measurement results in the chamber. Also, it 
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is a preliminary measurement aimed at the field measurement by use of the vehicle to 
communicate with the satellite. Regarding this measurement, will be reported in 
Chapter 6.  
  The set up of outdoor stationary test is similar to the chamber measurement by 
use of the radome and ground plate. The aim of measurement is to verify the tracking 
function of the antenna system. Some differences exist, especially the equipments that 
are used during the measurement. This real environment set up configuration is shown 
in Fig. 5-9.  
  The antenna system is tested for stationary-state measurement in Chiba area El 
= 48º on a testing-rig by considering unobstructed area to receive direct signal from the 
satellite. In this measurement, a spectrum analyzer (Agilent E4403B) is used to measure 
the received power signal from the satellite signal. In order to compensate the weak 
satellite signal, an amplifier (Agilent 83017A) is associated with the array antenna and 
thus the signal level can be increased to achieve an enough C/N0. Measured result 
showed that C/N0 is 47.30 dBHz with link margin 1.45 dB where sufficiently to make 
the satellite-tracking measurement. 
  The antenna is put on the 100×50 cm2 aluminum-ground plate, which is 
tightened by several plastic screws. The antenna is covered by diameter×thickness = 
250×2 mm2 Polyethylene Terephthalate (PET) hemisphere-radome (εr = 3.0) at 84.8 
mm of distance from the parasitic patch, similar with the chamber measurement. As 
previously reported, this kind of radome is used because of low loss effect. The 
configuration is an antenna structure that will be installed on the car’s roof in the next 
field mobile measurement. With this configuration, it is expected can protect the 
antenna from the weather-bound without any effects to the antenna performances 
especially gain and axial ratio. The photograph of measurement is depicted in Fig. 5-10 
   
5.4.2 Satellite Tracking Performance 
 
The measurement of satellite-tracking for array antenna is performed as same 
as the antenna system test in the anechoic chamber, which can be carried out in manual 
as well as automatic beam-tracking. For this purpose, we take the received signal power 
of the antenna during the rotation of antenna. Each of three generated antenna beams 
meets the calculation results as shown in Fig. 5-11 as one of them. In order to evaluate 
the system, a gyro sensor of the GPS receiver is put on the beneath of the array antenna 
and connected to the PC for automatically beam-switching as shown in Fig. 5-10. By 
use of such devices, the satellite-tracking can be automatically operated with good 
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received signal power as depicted in Fig. 5-12. Moreover, three antenna beams are 
smoothly switched to the satellite for each beam-coverage in the azimuth direction. 
 
Fig. 5-9 Antenna system experimental set up in outdoor test 
 
 
 
 
Fig. 5-10 Photograph of measurement on a testing-rig 
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Fig. 5-11 Antenna beam when patch no.3 is off 
 
Fig. 5-12 Satellite-tracking performance in outdoor stationary measurement  
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5.5  Conclusion  
 
The antenna system for mobile satellite communications has been 
experimentally performed in the chamber measurement using GPS-Gyro unit as sensor 
and an application program. The measured results show that well suited beam switching 
characteristics are obtained at the target frequency 2.5025 GHz for elevation angle El = 
48°. The gain more than 5 dBic and the axial ratio less than 3 dB are confirmed. The 
tracking performance is performed by rotating the antenna in the azimuth angle and 
controlling the beam of the antenna to pursue the transmitting antenna by a developed 
program automatically. As a result, three beams are automatically switched successively 
directed to the transmitting antenna with a minimum gain more than 5 dBic and an axial 
ratio less than 3 dB.  
Furthermore, the array antenna mounted on the ground plate and covered by a 
radome is also experimentally performed. The results show that the beam switching 
characteristics gives good gain although axial ratio becomes worst by about 0.5 dB due 
to the scattering of ground plate. By considering the gain value, the tracking 
performance is measured at decided azimuth angle at which each beam coincide each 
other. Even though there some reflection and scattering due to the ground plate, the 
result shows the gain is above 5 dBic with the maximum axial ratio is 3.5 dB in the 
azimuth angles rotation.  
Finally, in order to confirm the antenna system validity in the real environment 
for the following field measurement campaign, the outdoor stationary experiment is 
conducted by measuring the received level of the satellite signal from the ETS-VIII. 
This measurement mainly verifies the satellite tracking by use of the developed tracking 
function. Three antenna beams are smoothly switched to the satellite for each 
beam-coverage in the azimuth direction as we earlier expected.  
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6.1  Introduction  
 
The preceding chapter has shown the measurement of our developed antenna 
system, which has been successfully conducted to confirm the validity of the system 
either in the anechoic chamber as well as at outdoor testing rig. The measured results 
show good satellite performances are confirmed. Those measurements are expected to 
evaluate the overall system as a preliminary trial test towards the true mobile 
measurement test using the satellite. Hence, in continuation with Chapter 5, we will 
provide the field measurement report, which is conducted by using the ETS-VIII in 
collaboration with Japan Aerospace Exploration Agency (JAXA) and National Institute 
of Information and Communications Technology (NICT) Kashima Space Research 
Center.  
Chapter 6 shows all about the field measurements, where we use two different 
array antennas (Figs. 4-28 and 4-35 of Chapter 4) for validation of the antenna system. 
In order for the expected results can be achieved, we have well prepared and planned all 
of the measurement requirements such as the satellite activation, how to establish the 
link connection in the ground station, and the antenna system installation on the vehicle.  
Therefore, the chapter is described as follows. At first, a description, procedure 
and configuration of field measurement are described. How the antenna system is 
installed on the vehicle, how the link between ground station and satellite is established, 
and how the measurement focus is concerned, are early described. Then, the antenna 
system is experimentally conducted in several areas in accordance with our developed 
tracking program by use a Global Positioning System (GPS) receiver as a navigation 
system. In this measurement, we perform the beam switching characteristics to evaluate 
tracking capability of the antenna. The capability of array antenna to switch each beam 
and deflect to the ETS-VIII satellite is performed. How the developed tracking program 
runs with the use of GPS system, is also presented. Next, the measurement campaign is 
started in open field area or when the direct satellite signal is in line of sight (LOS) 
position. The measured results i.e. the beam switching characteristics in automatic 
tracking are presented. Other results in blockage signal areas are briefly shown to 
consider the channel property in terms of the experimental point of view. In addition, 
not only the signal power level to analyze the channel property, but also the bit error 
rate in consideration with the signal power. Finally, the fade characteristics of multipath 
fading and shadowing are analyzed to provide the mobile satellite channel property in 
terms of the experimental results in Japan. By these experimental results, we do expect 
to contribute in the area of mobile satellite channel design and effective design for 
antenna technology. 
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6.2  Experimental System 
 
6.2.1 Antenna System Structure  
 
  The antenna system structure has been earlier reported in Chapter 3. In fact, 
this antenna system is mainly developed for S-band operation to provide voice/data 
communication through the ETS-VIII, where assumed to be used in Tokyo and its 
vicinity (El = 48°). As for the array antenna configuration, it is 120º sequentially 
physical rotated and set with an equal distance between each element following a 
circular path. The feeding of each antenna element is successively turned off by 
controlling the onboard-switching circuit and thus the whole azimuth range can be 
scanned by step of 120º. Three beams can be generated to cover all of the azimuth 
angles. The beam is generated in the azimuth plane at -90º from the element that is 
turned off. As a result, if each element i.e. element no. 1, 2 and 3 is turned off, the beam 
is generated in the direction Az = 0, 120º and 240º (Sri Sumantyo et al., 2005), 
respectively as shown in Fig. 6-1. In addition, the satellite-tracking is conducted in the 
azimuth plane regardless considering the elevation direction owing to the antenna gain 
is predicted quite enough to communicate with the geostationary satellite as calculated 
in link budget (Table 3-2 of Chapter 3).   
   
 
Fig. 6-1 Antenna system structure installed on the vehicle aimed at the field 
measurement by use the ETS-VIII satellite.  
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  The antenna system is mainly operated by a control unit (currently, we use a 
laptop PC) allowing the antenna beam is automatically steered. The beam-forming of 
array antenna is generated by providing three bias voltages to switch on and off the 
P-I-N diodes on the onboard-switching circuit and thus two elements of the array can be 
correctly fed and afterwards a desired beam is created among three selectable-beams. 
As the ETS-VIII satellite lies at southern from the Japanese archipelago, the antenna 
beam is invariably controlled in south direction (Basari et al., 2009). The description of 
the system is briefly depicted in Fig. 6-1. 
 
6.2.1.1 Array Antennas 
 
  In field measurement campaign, two types of array antennas are used, those are 
three patches array and six patches array antenna. Due to forward and return 
communication links could not be established owing to the satellite problem, the array 
antennas are specified for the use of reception only at the ground. The developed arrays 
for field measurement campaign purpose are pictured in Fig. 6-2. There are two 
experimental tests that held in our measurement. First type of the array whose three 
patches is installed on the vehicle for the first experimental test in June and November 
2008. The second six patches array is aimed at the second experimental test in 
November 2009.     
  We have reported regarding the arrays configuration and their performances in 
Chapter 4, hence in this Chapter we just reshow to clearly define the field measurement 
that we have conducted. With the dimension by 16 cm and flat-compact configuration, 
it is expected to meet the aerodynamic design in order to suit the body of the vehicle.  
 
6.2.1.2 Tracking Control Program 
 
  Unlike the tracking control program for stationary measurement as described in 
Chapter 5, as for the field mobile measurement, we mainly utilize the GPS navigation 
system for data input of the tracking function. However, it also possible to utilize the 
gyroscope system for tracking purpose by switching the function of the GPS-gyro 
module. The program is a combination of two routines codes i.e. GPS retrieval code and 
Digital to Analog (DA) code. GPS retrieval code specifies parsing the GPS data 
sentence formats (GGA, VTG, GSA, and GSV) from the GPS unit into some required 
GPS data (bearing, longitude, latitude, speed, time, etc). Then, such data is input to the 
DA subroutine to process in advance aimed at “Beam Switching Mechanism” for 
controlling the switching circuit. The beam mechanism’s rule for tracking is similar as 
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listed in Table 5-1 of Chapter 5. An example of menu display of the program is shown 
in Fig. 6-3. The detail of the listed program is described in Appendix A.2 of this 
dissertation. 
 
(a) 
 
(b) 
Fig. 6-2 Array antennas used for field measurements; (a) three patches array antenna  
(b) six patches array antenna. 
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Fig. 6-3 Tracking control program developed for field measurement by use the GPS 
navigation system. 
 
 
6.2.2 Experimental Set Up 
  
  The field measurement is set up to conduct for forward link communication 
described in Fig. 6-4. This experimental test is collaboration test among Chiba 
University, JAXA and NICT during 2008 and 2009. Basically, in this set up, an 
unmodulated continuous wave of left handed circular polarization (LHCP) at uplink 
frequency band 2.65 GHz is transmitted from a handset terminal, which is boosted by 
the earth fixed-station through the ETS-VIII satellite and it will be received by a land 
vehicle-station on which the array antenna system is mounted. In this case, the received 
signal power is measured from intermediate frequency (IF) output from handset 
terminal from which the array antenna is connected. With a control unit (PC) its 
received signal power can be recorded. Besides, to establish the digital data 
communication, modulated signal is also transmitted from the ground station and 
recorded in terms of average bit error rate (BER) at the vehicle station through the 
satellite.   
The detail of the experimental set up equipments is described in Fig. 6-5. At 
the receiver, the array antenna is connected with two handset terminals by a 3dB-hybrid, 
and output signals from the handsets are measured by a spectrum analyzer (Agilent 
E4403B) and a BER analyzer (Anritsu MD6420A) for received signal power and 
average BER measurement, respectively. Owing to decreasing of the received signal 
power by 3 dB, therefore we utilize a low noise amplifier (LNA) in order to compensate 
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such impairment signals, so thus Carrier to Noise Density ratio (C/N0) is enough for 
carrying out the measurement. All measurement equipments are installed inside vehicle 
and radome-covered array antenna is mounted on the roof thus the antenna is protected 
from rain, snow, or wind hindrance. The measurement campaign is conducted in 
Kashima, Ibaraki Prefecture and Chiba Prefecture, Japan. Description of experimental 
system parameters are listed in Table 6-1 and the experimental photograph at the 
receiver (vehicle) is depicted in Fig. 6-6. 
Furthermore, binary-phase shift keying (BPSK)-modulated pseudo-noise 
sequences (PN-code) is utilized for evaluating the average BER performance owing to 
its simplicity, adequate noise resistance and suitable for low data rate. The target BER 
in line of sight is predicted by 10-4 for 8 kbps of data rate as described in Table 6-1. 
  In this field experiment, we measured the received power level of the array 
antenna at some different areas for direct wave area and obstructed areas like buildings, 
foliages, utility poles and expressway overpasses. Also, there some other places to deal 
with the numerous terrain environments for representing that our developed antenna 
system is suitable for common places in the earth.  
 
 
Fig. 6-4 Forward link establishment for field measurement. 
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Fig. 6-5 Block diagram of the experimental system for setting up the field measurement. 
 
TABLE 6-1 
PARAMETERS OF EXPERIMENTAL SYSTEM 
Parameter Description 
Satellite Engineering Test Satellite (ETS-VIII) 
Orbit Geostationary (146º E) 
Frequency 2.65/2.50 GHz 
Polarization Left handed circular polarization (LHCP) 
Antenna and receiver 
Antenna type 
 
Gain 
Axial ratio 
Antenna tracking 
 
C/N0 
 
Three and six patches array antennas 
(used as a receiving antenna) 
More than 5 dBic in all azimuth angles 
Less than 3 dB in all azimuth angles 
Antenna beam switching by using open 
loop method with GPS module 
48–50 dBHz at line of sight area 
Campaign location 
 
Inclination from satellite 
Kashima (Ibaraki Pref.) and Chiba, Japan 
35.97º N 140.63º E ; 35.60º N 140.12º E 
48º ± 1º 
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Azimuth angle from satellite 
Measurement sites 
±170º 
Rotary, open-field, coastal road, usual 
road, inclined road and roadside tree 
areas 
Communication link 
Access method 
Channel bandwidth 
Modulated signal 
Transmitted data 
Bit rate 
Target BER 
Link setting for data communication: 
FDMA 
12.5 kHz 
BPSK 
PN-code 
8 kbps 
1×10-4 
Weather conditions Partly cloudy, sometimes rain and fine in 
Kashima; and fine weather in Chiba 
 
 
(a) 
 
(b) 
Fig. 6-6 Photograph of the experiment at the receiver (automobile); (a) the use of 
hemisphere radome (b) the use of flat radome 
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6.3  Measurement Results  
 
6.3.1  Three Patches Array Antenna 
 
  This field measurement is firstly carried out in several places in summer 2008 
by use three patches array antenna that is installed on the ground plate and covered by 
hemisphere radome. At first, the measurement is performed in direct wave area by using 
a spectrum analyzer to retrieve the IF signal amplitude at fixed position in order to 
check the signal from the satellite can be well received or not. An example of frequency 
spectrum obtained from the IF output is shown in Fig 6-7. By setting the spectrum 
analyzer in zero span at specified frequency, the received signal power can be recorded 
by the control unit (PC). Following this succeeds, we start to verify the tracking 
program operation by conducting a vehicle measurement in circular path at the rotary.  
 
 
Fig. 6-7 Example of the recorded IF signal spectrum. 
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6.3.1.1 Measurement for Satellite Tracking 
 
  Measurement for satellite tracking is basically aimed to evaluate the validity of 
the antenna system tracking function. Two main measurements are conducted, i.e. each 
beam antenna evaluation and automatic beam switching for satellite tracking. The 
evaluation results are as follows. One of three generated beams of the array antenna is 
depicted in Fig. 6-8. The experiment result tends to agree with the calculation even 
though small differences are observed. We perform the antenna by using the aluminum 
ground plate, which is installed under the antenna (Fig. 6-6). Such a plate is considered 
to affect the antenna performance especially the beam pattern. In fact, small difference 
exists, particularly the beam-shape and the beam-width. However, such differences do 
not significantly worsen the received signal power of the array.  
  As for the Carrier to Noise density ratio (C/N0), it can be calculated by the 
following formula (Hranac and Currivan, 2006; & Agilent, 2003): 
 
  C/N0 = (signal power) – (noise floor) + (10 log RBW)   Eq. (6-1) 
 
By considering the received signal power is averaged by -60 dBm and noise floor in -83 
dBm as described in Fig. 6-7, the C/N0 can be calculated as: 
   
  C/N0 = ( -60 dBm) – ( -83 dBm) + (10 log (300 Hz))    Eq. (6-2) 
 
which gives C/N0 approximately by 47.77 dBHz, hence the link margin can be achieved 
by 1.94 dB. 
    The land vehicle measurement is mainly tested to evaluate the 
satellite-tracking of the antenna system. Hence, while the vehicle is travelling in circular 
path, the beam of the antenna is electronically steered pursuing the ETS-VIII satellite 
associated with vehicle's orientation. Three antenna beams are smoothly switched to the 
satellite for each beam-coverage in the azimuth direction. 
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Fig. 6-8 Normalized received signal power for beam when patch no.#3 off. 
 
   
 
Fig. 6-9 Automatic satellite tracking performance. 
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  The beam of the antenna is generated by a mechanism that consists of 
switching off one of the radiating elements as reported in Chapter 3, where the tested 
results is earlier depicted in Fig. 6-8. Having known the coincide point of gain for each 
beam as well as the satellite position relative to the land mobile-station (in Chiba area, 
the satellite is at Az = 170º relative to North as 0º and El = 48  1º, the rule of beam 
switching is decided. The beam can be switched automatically at the specified azimuth 
angles to cover 360º of conical-plane. This satellite-tracking performance is depicted in 
Fig. 6-9. The satisfactory received signal power is obtained to track the satellite during 
land vehicle travelling yet when the beam switching occurs. 
 
6.3.1.2 Measurement under Blockage Areas 
 
  In this measurement, we thoroughly evaluate the effects of obstacle objects 
such as buildings, roadside trees and foliages, utility poles (e.g. electricity power poles) 
and expressway overpasses or bridge roof, on the received signal level qualities of the 
array antenna. In addition, the measurement at inclined road is also examined. All these 
results are reported in the following sections. 
 
Measurement in Buildings Area 
   
  Figure 6-10(a) shows the circumstance of the experiment at buildings area. 
There are two high buildings at the test field, which is expected to block the signal from 
the satellite. The vehicle travels on straight path at bearing = 99.30º from North when 
element no. #2 is switched-off. From Fig. 6-10(b), it can be stated that high buildings 
decreases the signal from the satellite becomes almost similar to the noise floor and thus 
it cannot be detected well as a received signal. If it happens for too long period, the 
satellite communication link will be disconnected soon. This blocking phenomenon also 
occurs if the vehicle moves through the road tunnel. Therefore, in some cases, this 
impairment can be mitigated by developing the gap fillers or several repeaters (Ryu et 
al., 2007) at the blank spot areas e.g. blocking due to buildings or tunnels. 
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(a) 
 
(b) 
Fig. 6-10 Blockage signal measurement at buildings area; (a) photograph of 
measurement at blocking area (b) measurement result. 
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Measurement in Roadside Trees Area 
 
  We also examine the blockage of roadside-trees to the antenna. The experiment 
is carried out in summer season since there are dense foliages, which is considered to 
affect the performance of the received signal power. As shown in Fig. 6-11(a), the 
measurement is performed on straight path which the satellite at the left side of the 
figure. The vehicle travels at bearing = 189.30º from the North when element no. #3 is 
switched-off. Unlike the blockage of buildings, the foliages of roadside-trees are lesser 
effects to the received signal even though it attenuates by an average 3–5 dB, allows 
decreasing the well-received signal. It is obvious shown in Fig. 6-11(b) when it is 
compared with the direct wave signals. Fig. 6-11(c) shows the time percentage of 
attenuated signal due to the roadside-trees shadow. From this figure, it can be stated that 
almost 75% of the satellite signal is approximately attenuated by 2–6 dB at the dense 
foliages area. These fades become particular considerations for engineers to predict their 
effects upon designing the mobile satellite communications. 
     
Measurement in Expressway Area with Overpasses Existence 
 
  In order to grasp the antenna system whether it is feasible to be used in 
common land mobile applications, we thoroughly make an experiment on expressway 
and ordinary road. The field measurement of expressway is conducted in Chiba 
prefecture area (El = 48º) between Kisarazu-kita and Soga interchange by speed 70–80 
km/h. The experiment view can be shown in Fig. 6-12(a).  
 
 
(a) 
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(b) 
 
(c) 
Fig. 6-11 Blockage signal measurement from roadside-trees; (a) photograph of 
measurement at shadowing area (b) received signal power measurement result (c) time 
percentage of attenuated signal by roadside-trees. 
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(a) 
 
(b) 
Fig. 6-12 Measurement on expressway; (a) photograph of measurement on expressway 
(b) measurement result 
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  The results show that with almost no obstacles present, such as electric power 
poles and expressway overpasses or bridges, the received signals show well-received 
and yet the beam-switch occurs at the beginning and the last measurement path (signed 
by arrows Beam-switch on the measurement result). It is also confirmed that the signal 
drastically drops by very short time (0.2–0.4 s) when the vehicle passes the overpass or 
bridges. The clear graph is shown in Fig. 6-12(b). 
 
Measurement at Inclined Road 
 
  The array antenna has radiation characteristics in the elevation direction (has 
been described in Chapter 4) and also the tracking system does not take in to account 
the elevation consideration owing to the array satisfactory performances at the target 
elevation range. Hence, it is required to confirm it in the real environment in particular 
at inclined terrain places. To do so, we evaluate the antenna system at incline-road in 
Chiba prefecture. Actually, the array system is also tested in mountainous terrain for 
elevation change performances, but it is difficult to examine in the area that the satellite 
signals cannot be well received, until we decide to verify the elevation change 
performance in area with dominantly direct wave is present.  
  The experimental view is shown in Fig. 6-13(a). The vehicle passes on the 5º 
-inclined road at bearing = 222º relative to the North. The speed of the movement is 
constantly kept by 40 km/h without any beam-switch happens during the movement, 
precisely when element no. #1 is switched-off for upward-movement and element no. 
#3 is switched-off for downward-movement.  
 
 
(a) 
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(b) 
 
(c) 
Fig. 6-13 Measurement at inclined-road; (a) photograph of measurement at 
inclined-road (b) measured result of downward-movement (c) measured result of 
upward-movement. 
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  Fig. 6-13(b) shows an example of the received signal power for 
downward-measurement. From the result, it can be stated that the received signal tends 
to increase by an average 0.5 dB. This because the antenna has basically peak gain at El 
= 60º and it increases as the elevation-angle increases, while the measurement is held at 
El = 48º. Downward-movement means increasing the elevation thus increasing in 
received power level. On the other hand, as for the upward-measurement the received 
signal power tends to decrease by an average 0.4 dB. It is confirmed by Fig. 6-13(c). 
Finally, metal roof of the bridge as shown in Fig. 6-13(a) repeatedly attenuates the 
signals allowing drops the signals in very short time. This type of fades cannot interrupt 
the communication because its fade period is less than the recovered signal after that. 
 
6.3.1.3 Measurement for Bit Error Rate Performance 
 
  In mobile satellite communications, bit error rate (BER) measurement is rarely 
reported showing real error rate performance during mobility. Most of such 
measurements are in the area of personal mobile communications, which utilizes one or 
several base station (transceiver). Therefore, we try to adopt it in the area of mobile 
satellite system. The test of BER characteristics is evaluated to add data information 
besides the propagation characteristics. This time, the measurement is conducted in line 
of sight (LOS) area to verify the BER performance of satellite-tracking. In order to 
realize it, a binary-phase shift keying (BPSK)-modulated pseudo-noise sequences 
(PN-code) is transmitted from the earth fixed-station through the ETS-VIII satellite and 
received by a land mobile-station where the antenna system is present. The 
measurement uses a BER analyzer (Anritsu MD6420A) to retrieve the average BER 
value of the antenna system and it is measured from the interface board, which is 
directly connected to the BER analyzer from the handset terminal. The communication 
link data rate is set by 8 kbps. The detail of data communication link setting is 
previously listed in Table 6-1. The satisfactory BER value within 10-4 is confirmed at 
stationary measurement. The measurement path is performed in the same manner as the 
previous section talks about satellite tracking, except the evaluation object is the BER 
value. As shown in Fig. 6-14 the average BER performance is kept stable in range 
5.0–7.010-4 and yet the beam-switching occurs. With such results show that mobile 
satellite communications can be established between the array antenna system and earth 
fixed-station through the ETS-VIII satellite. 
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Fig. 6-14 Average bit error ratio (BER) characteristics on satellite-tracking. 
 
6.3.2 Six Patches Array Antenna 
 
The second field measurement is conducted in autumn 2009 by use six patches 
array antenna, which is installed on the ground plate and covered by hemisphere radome 
and flat radome as well. Similar to the first measurement campaign, at the beginning, 
the measurement is performed in open field area by use quite similar equipments with 
the preceding test, in order to check the received signal from the satellite. The different 
point is we utilize two handset terminals and two parabolic antennas at the ground 
transmitter. Besides, at the vehicle receiver two handset terminals, one for received 
signal power measurement purpose and another for average error rate purpose. With this 
configuration, the received signal power and BER can be simultaneously measured to 
provide accurate information.  
An example of frequency spectrum obtained from the IF output from the first 
establishment link is shown in Fig 6-15. Setting of the spectrum analyzer is by zero 
span at selected frequency, the received signal power and the average BER can be 
recorded by the control unit (PC). Following this establishment link succeeds, we start 
to verify a vehicle measurement in several important sites.  
The measurements sites are selected for some specified areas namely open field 
areas and blockage (such as utility poles, pedestrian bridges and vegetation) areas. The 
former site measurement is aimed to verify the validity and quality of antenna system 
while the later one is carried out to provide information about the propagation 
characteristics and error rate impairment due to blocking and shadowing. In this 
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measurement explanation, it is quite different from the previous explanation to provide 
more detail and thorough analyses, especially in propagation topic. The analyses include 
received signal power, average BER, cumulative distribution and fade characteristics 
will be presented in the following sections. 
 
 
Fig. 6-15 Example of the recorded IF signal spectrum during establishment link. 
 
 
Fig. 6-16 Experimental view for satellite tracking measurement, where vehicle runs in 
circular path. 
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6.3.2.1 Measurement in Open Field Areas 
 
 We carefully conducted the measurement in direct-wave environment without 
obstacles present. In some different areas the measurement was performed to validate 
our developed automatic tracking system. Here, the measurements in circular path at 
rotary and straight path on coastal road are presented. 
 
Received Signal Power and Average Bit Error Rate 
 
 The antenna system is mainly developed to automatically track the satellite. As 
earlier frequently stated in the previous section, three selectable beams can be utilized 
for satellite tracking, hence, we carry out the measurement in circular path. While the 
vehicle is traveling in circular path by 10 km/h, the beam of the antenna is electronically 
steered pursuing the satellite associated with vehicle's orientation.  
 
Fig. 6-17 Received signal power and average bit error rate when the vehicle turns in 
circular path at the rotary and tracks the satellite. Solid line indicates the received signal 
power in terms of carrier to noise density ratio (C/N0) and dotted line is average bit error 
rate value with respect to the received signal power. 
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Fig. 6-18 Average bit error rate performance of automatic satellite-tracking in different 
open field sites, here, near and far site from coastal area compared with the BPSK 
modulation theoretical value. 
 
Fig. 6-19 Cumulative distribution of received signal power for measurement results in 
open field areas. 
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The experimental view can be seen in Fig. 6-16. Three antenna beams are 
smoothly switched to the satellite for each beam-coverage in the azimuth direction, as 
depicted in Fig. 6-17. Sufficient C/N0 is obtained to remain the fluctuated average BER 
in range of 3.5 to 6.5×10-4. Moreover, in comparison with the theoretical BPSK signal, 
the BER value is higher than the theoretical target due to its required C/N0 to attain the 
target BER value is higher. Such a BER performance is also caused by elevation angle 
of satellite relative to the ground mobile station (Corazza et al., 1994). This result is 
clearly shown in Fig. 6-18 where the measurement results exist at the right-side of the 
theoretical BER. It indicates imperfection in the filtering part of the BPSK signal 
detector (Roddy, 2006). 
 
Cumulative Distribution of Received Signal Power 
 
Figure 6-19 shows the cumulative distributions of received signal powers for 
open field areas measurements. The ordinate indicates the probability that the received 
signal power is less than the abscissa. A straight line of the ordinate shows a Ricean 
distribution with a large enough Ricean factor, which is defined as the power ratio of 
the direct wave to field-reflected diffuse waves (Rappaport, 2002) as the following 
equation: 
2
2
2
log10 
AK   [dB]  Eq. (6-3) 
where, K is Ricean factor, A2 is deterministic signal power and 2 is variance of the 
diffuse waves. From these measurements, the K-factors are 17.37 dB and 16.25 dB, for 
lawn field and coastal road measurement, respectively. The later one is smaller since 
some utility poles, trees and factories present at surroundings of coastal road allowing 
more multipath signals. 
 
6.3.2.2 Measurement under Blockage Areas 
 
  In blockage areas, we thoroughly evaluated effects of obstacle objects such as 
pedestrian overpass, electric pole, and vegetation with the foliage density, in particular 
on the received signal power and link qualities of the antenna in terms of the average 
error rate as well as the fade depth. This section provides an example of overpass 
blocking and trees shadowing as well. 
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Received Signal Power and Average Bit Error Rate 
 
  Figure 6-20(b) shows the instantaneous received signal power defined by C/N0 
with respect to its average BER, when the satellite signal is partly blocked by a single 
electric power pole (see Fig. 6-20(a) for photograph view). Even though the pole 
attenuates the signal power, its average BER remains stable owing to its received signal 
fluctuation is very short allowing no significant bit error occurs. The average BER is 
steadily kept in 2.7–3.8×10-3.   
  Another measurement is blockage signal due to a pedestrian bridge as viewed 
in Fig. 6-21(a). In this measurement, the vehicle runs by approximately 30 km/h on two 
opposite roadways with the direct wave satellite signal is predominantly received. 
However, when the vehicle moves through the pedestrian bridge, quick blocked signal 
occurs allowing abruptly decayed signal and increasing suddenly average BER as 
shown in Fig. 6-21(b). Nonetheless, there is no significant worse error rate since the 
blocking time is too short. In fact, wider overpasses or even tunnels will drop the signal 
in longer time and deeply worsen the error rate. 
  As for the shadowing by trees, the received signal is slightly attenuated longer 
causing more fluctuation in signal and the error rate gets worse. In this measurement, 
we concern on vegetation density effect on the received satellite signal by running the 
vehicle beside roadside trees by speed 10 km/h. Two cases i.e. sparse foliage vegetation 
and dense foliage vegetation are evaluated. The results show that density of tree’s 
foliage gives different degree of attenuation allowing the different BER performance. 
As an example of the sparse foliage shadowing, depicted in Fig. 6-22, the average BER 
remains approximately within 10-3 even though the C/N0 gradually gets worse. 
  In contrary, dense foliage trees attenuate the received satellite signal deeper 
than sparse foliage ones as described in Fig. 6-23. The average BER suddenly drops in 
significant value to be 10-2. Besides the density of foliage, we also evaluate the received 
signal quality that affected by the distance between the tree and the vehicle. Figures 
6-22(b) and 6-23(b) are the results when the vehicle is 4 m away from the trees (lane 1). 
Nonetheless, the measurement results show deeper attenuation as the vehicle closer to 
the trees (lane 2) especially for dense foliage case, allowing worse quality. In fact, the 
vegetation type is also another factor that affecting the quality of received signal 
(Goldhirsh & Vogel, 1998). 
Development of Simple Antenna System for Land Mobile Satellite Communications 
 
- 142 -
Chapter 6 
Verification of Antenna System in Mobile Measurement 
 
(a) 
 
(b) 
Fig. 6-20 Measurement for single electric pole effect; (a) measurement view (b) 
received signal power and average bit error rate when the vehicle runs at 2-m left lane 
from a single electric pole. 
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(a) 
 
 
(b) 
Fig. 6-21 Measurement for evaluating blockage signal due to overpass or pedestrian 
bridge; (a) measurement layout (b) received signal power and average bit error rate, 
case: northwest (NW) roadway 
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(a) 
 
 
(b) 
Fig. 6-22 Measurement for evaluating shadowing signal due to vegetation foliage 
density (case: sparse foliage deciduous vegetation); (a) measurement layout (b) received 
signal power and average bit error rate (for Lane 1). 
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(a) 
 
 
(b) 
Fig. 6-23 Measurement for evaluating blockage signal due to vegetation foliage density 
(case: dense foliage evergreen vegetation); (a) measurement layout (b) received signal 
power and average bit error rate (for lane 1). 
 
 
 
 
 
 
 
Development of Simple Antenna System for Land Mobile Satellite Communications 
 
- 146 -
Chapter 6 
Verification of Antenna System in Mobile Measurement 
Fade Characteristics 
 
In several studies (Vogel and Goldhirsh, 1990; Hase et al., 1991; & Aboudebra 
et al., 1999) and recommendation ITU-R (ITU-R, 1990–2003) indicated that the fade 
depth characteristics for land-mobile satellite links could be represented by cumulative 
fade distributions. Here, we presented the blockage measurement results reported in the 
previous subsection, in terms of cumulative fade distribution. Figs. 6-24, 6-25 and 6-26 
indicated the fade probability of the received satellite signal impairment due to roadside 
trees shadowing and poles blocking.  
  Figure 6-24 depicts the fade distribution with respect to the fade depth caused 
by utility pole and trees compared with line of sight signal. The fade probability 10% is 
about 7 dB for single pole and sparse foliage blockage whereas the dense foliage gives 
11 dB of fade. Nonetheless, as for the line of sight measurement, fade probability 10% 
less than 4 dB due to multipath signals from surrounding environment. The pole 
blockage is quite similar with the sparse foliage one, means the most of the fades in 
sparse foliage environment are contributed by branches and twigs. 
Figure 6-25 represents the fade probability for sparse and dense foliage trees in 
two opposite lanes shown in Figs. 6-22(a) and 6-23(a), respectively. The dense foliage 
fade probability tends to be in log-normal distribution (i.e. more sloping curve), 
indicating more shadowing happens rather than that of the sparse foliage. Additionally, 
when vehicle is situated at farther distance from the trees, the fade probability 20% is 
quite less than the nearer to the trees (indicated by curve lane 1).  
 
  In current mobile satellite experiment, we also execute a measurement 
concerning on effect of vegetation density of the roadside trees without and with canopy 
in terms of fade characteristics. The results are shown in Fig. 6-26. All fade probability 
curves are almost horizontal which indicates log-normal distribution where the 
shadowing mainly occurs. Comparing with roadside trees without canopy, the trees with 
canopy give about 2–5 dB higher fade for fade probability 20%. Moreover, since the 
optical shadowing is more than 75%, as well as the earth-satellite path is not fully 
orthogonal path, our measurement results are little bit difference from the prediction 
values by using an extended empirical roadside shadowing (EERS) model by ITU-R 
Recommendation at downlink frequency 2.50 GHz (ITU-R, 1990–2003). Nevertheless, 
the fade uncertainty of our measurements is within 5 dB for probability 10–80% of 
roadside trees without canopy; suits to the prediction model. 
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Fig. 6-24 Fade probability due to utility pole and foliage vegetation density compared 
with non-fade signal. 
 
Fig. 6-25 Fade probability in different tree’s foliage density and its measurement path 
shown in Figs. 6-22(a) and 6-23(a). 
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Fig. 6-26 Fade probability due to vegetation density of the roadside trees with and 
without canopy compared with prediction value of the extended empirical roadside 
shadowing (EERS) model by ITU-R Recommendation (ITU-R, 1990–2003) at 
frequency 2.50 GHz. 
 
  Figure 6-27 shows the fade distribution when deeply short blocking is present 
due to a pedestrian bridge. The measurement is conducted for two opposite roadways 
depicted in Fig. 6-21(a). The fade depth for NW-roadway is higher 2 dB for probability 
20–60%, since the SE-roadway measurement is situated closer to the surrounding 
obstacles with regard to the satellite position. The exceedance probability of the 
bridge’s blockage is less than 2% shown by a horizontal curve. A key point from this 
measurement is that overpasses or pedestrian bridges will deeply block the satellite 
signal in short or longer duration depends on the width of overpass. Wider overpass will 
make an unavailability of the satellite signal greater. 
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Fig. 6-27 Fade probability when vehicle runs under the pedestrian bridge, which is 
shown in Fig. 6-21. 
 
Measurement at Inclined Road 
 
Our antenna system azimuthally tracked the satellite regardless its elevation to the 
satellite, so thus it was required to deal with real environment for mobile satellite 
application. Hence, we tested the antenna system at inclined road as shown in Fig. 
6-28(a). The vehicle ran by 10 km/h on the 10 degrees-inclined road where the satellite 
was situated in upward-direction.  
 
 
(a) 
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(b) 
 
(c) 
Fig. 6-28 Measurement for evaluating received signal characteristics over inclined road; 
(a) measurement view (b) received signal power and average bit error rate (for 
upward-motion) (c) cumulative distribution of received signal power for upward and 
downward-motion. 
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Received Signal Power, Average Bit Error Rate and Its Cumulative Distribution 
 
Figure 6-28(b) depicts an example of instantaneous received signal power in 
terms of the C/N0 with respect to its average BER for upward-measurement. The 
average BER is kept within 6–8×10-4 and 2–5×10-3 for upward and downward 
measurement, respectively. The upward-measurement shows 2 dB higher received 
signal rather than the downward one as shown in Fig. 6-28(c). The reason is because the 
antenna has a peak gain at El = 60º and its gain increases as the elevation-angle 
increases, while the measurement is held at El = 48º. Upward-motion increases the 
elevation relatively to the satellite and thus raising the signal power and vice versa in 
case of the downward-motion. In addition, from this dominantly direct wave 
measurement, the Ricean factors are 15.36 dB and 10.84 dB, respectively for upward 
and downward-motion. 
 
6.4  Conclusion  
 
We have realized an implementation of new progress of the antenna system by 
designing a promising structure and conducting a field satellite measurement to clarify 
its validity in real environment. The antenna system is simple, compact and low cost 
system design. Antenna system components discussed includes the array antennas, 
which are integrated with the switching circuit and tracking function and mounted on 
the vehicle’s roof. The antenna system has been verified in chamber measurement with 
adequate performances. It has also been confirmed that the antenna system could 
establish the link well through the satellite by conducting an outdoor stationary test.  
This time, we conducted not just conventionally a stationary measurement but 
also mainly on a mobile measurement under two major areas, i.e. open field or line of 
sight areas as well as the blockage areas. The measurement campaign was divided into 
two different array antennas, namely field measurement by use the three patches array 
and six patches array antenna as well.  
In former field measurement, at first, the satellite-tracking performance of the 
antenna system was thoroughly verified. Without any obstacles present, the system was 
able to correctly track the satellite by considering the orientation of vehicle, which was 
retrieved from the GPS navigation system. We also considered and examined the 
environment effects on the received signal power, in particular when buildings, dense 
foliages of roadside-trees, utility poles and expressway overpasses present. The results 
showed the blockage and shadowing occurred, where such blockages attenuated the 
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received signal. Yet, we also tested the antenna system at inclined-road aiming at the 
elevation-characteristics test. Slight fluctuation tendency on the received signal power 
was confirmed. In addition, the average BER characteristics have been confirmed 
during satellite-tracking in circular path measurement with satisfactory values within 
range 10-4 level. 
In the second field measurement by use the six patches array, quite different 
target of the measurement was done. In this measurement, modulated and unmodulated 
waves were transmitted to realize the received signal power and BER can be 
simultaneously verified, aiming at providing more detail information regarding the 
propagation channel property and its impairments in real environment. This time, the 
propagation characteristics were represented in terms of instantaneous C/N0 and fade 
depth. Meanwhile, the average bit error rate was looked to analyze the link quality. The 
measurement was conducted in several main obstacles sites such as utility poles, 
pedestrian overpasses and roadside trees, following the measurement of automatic 
satellite-tracking in circular path at the rotary place.  
The steadily received signal power was obtained as well as the satisfactory 
average bit error rate while satellite-tracking in line of sight areas. Under the blockage 
areas, from the propagation characteristics results, it was confirmed that in different 
environment gave different degree of attenuation in terms of fade depth that worsening 
the bit error rate. With these measurement results will help us to consider designing a 
costly-effective land-mobile satellite communication system. Realization of this simple 
antenna system is expected can contribute in the area of land mobile satellite 
communication.  
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7 Conclusions 
  
This chapter summarizes the dissertation contents from all of the preceding 
chapters. The summary points of the research are focused on the dissertation title 
“Development of Simple Antenna System for Land Mobile Satellite Communications”. 
Moreover, some future works also provided in consideration with the future mobile 
satellite communication technologies. 
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7.1 Summary 
 
The main aim of the research is to design and develop a simple, compact and 
low cost antenna system for land mobile communication applications in the ETS-VIII 
framework. The background and our motivation to conduct this research are briefly 
described in Chapter 1. The specification of the ETS-VIII and its applications are 
introduced as a start point of the research. From that point we started to conduct the 
research, which is described by the flow chart of the work. 
In order to provide the research area as our research concern, in Chapter 2, the 
review about concept of mobile satellite communication system is described. With this 
review, it is expected to grasp which part that our proposed antenna system is present 
and in what area it can contribute. In addition, this chapter also provides the state and 
progress of the antenna system technology in particular for vehicle communication area. 
From this point of view, by our proposed antenna system we would take a role for 
improving the system especially on the production cost. 
Again, the benefits of the proposed antenna system has been declared, 
comparing with the other current state system that already been investigated and 
developed. It was generally described in Chapter 3. 
In order to realize the system, at the beginning, numerical design and 
experimental evaluation of the array antenna for system was investigated. Also, the 
switching circuit was designed and developed to be incorporated with the array antenna 
to realize a simple satellite tracking. These research steps are orderly described in 
Chapter 4. Owing to its low profile, microstrip technology is chosen for all developed 
array antenna and circuit as well. Each array antenna and circuit is separately fabricated 
and tested in the chamber to confirm the numerical results, which has been calculated 
by use of the Method of Moment. The results such as S parameters, axial ratio and 
radiation characteristics showed well suited to the target of the vehicular ETS-VIII 
applications. 
The next step is to combine the array antenna with the switching circuit into a 
single array. Regarding this matter, it is also described in Chapter 4. We specify this 
array design as an array antenna onboard with the switching circuit. The measurement 
results of the basic antenna parameters are examined. In comparison with the array 
antenna without the switching circuit, this array gets a bit impaired performances in 
terms of the gain. However, its characteristics still meet the target of the vehicular 
ETS-VIII application. Hence, we adopt this array to be mounted in the antenna system.   
Following the array onboard with the switching circuit has been developed, by 
incorporating it with the tracking function, we verify the performance of the antenna 
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system in the anechoic chamber measurement. Also, it is important to confirm with the 
satellite in outdoor stationary test. These works have been reported in Chapter 5. The 
main of antenna system measurement is to evaluate the beam tracking performances 
using a gyro sensor system. In order to apply the measurement, the array, gyro unit 
(inside the GPS module) and beam control program are required. Under anechoic 
chamber environment, the tracking performance of the antenna shows well performed. 
Due to the installation consideration on the vehicle, radome and ground plate are 
incorporated with the array. In this case, the array is put on the ground plate and covered 
by the radome, and then is tested for beam tracking. The tracking can be well operated 
even though the axial ratio impairment is present, owing to the reflection and scattering 
waves from the ground plate. Finally, as a preliminary test for field measurement 
campaign, an outdoor stationary test is required to be performed. In this measurement, a 
well-installed array antenna is put on the testing rig in the direct wave direction to the 
ETS-VIII satellite. With the spectrum analyzer, the receive power signal is recorded and 
satellite tracking pattern can be obtained. Good tracking performance are confirmed, 
hence we are ready to realize the antenna system for field mobile measurement 
campaign by use of the satellite signal.  
In Chapter 6, we thoroughly present the field mobile measurement, which is 
carried out in several areas to verify the antenna system validity, following the success 
outdoor test has been done by using the satellite signal. In this measurement campaign, 
a developed tracking function uses a GPS receiver for navigation system to control the 
antenna beam deflecting to the satellite direction. The measurement is started by the 
connection to the satellite from the ground station and the antenna system on the vehicle 
is evaluated in particular the tracking capability. The result confirms that the antenna 
system correctly tracks the satellite in circular path while the vehicle is moving by 
considering its position and bearing information from which retrieved by the GPS 
module.  
In addition, we also consider and test the antenna system under environment 
constraints that affects the received signal power, such as buildings, roadside-trees, 
utility poles, highway overpasses and inclined-road present. The results showed us the 
blockage and shadowing happened and significantly attenuated the received signal 
owing to its dependence on direct wave signal. The BER performance of the system has 
been verified with satisfactory result by about 10-4.  
In order to grasp the characteristics of received satellite signal impairment, the 
examination of the propagation characteristics under dominantly direct waves (Ricean 
fading environment) and blockage waves areas (including shadowing by trees) as well 
are conducted. Meanwhile, simultaneous observation of the average bit error rate with 
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the received signal power for digital communication under various conditions is also 
carried out. Under numerous different areas, from the propagation characteristics results, 
it was confirmed that in different environment gave different degree of attenuation in 
terms of fade depth allowing the bit error rate impairment. 
Ultimately, this vehicle-mounted antenna system design and the measurement 
results will help engineers and practitioners to design a costly-effective land-mobile 
satellite communication system. Ultimately, our developed antenna system is simple, 
compact and promising in low cost, for contribution in the future mobile satellite 
communication applications. 
 
7.2 Future works 
 
In the near future works, investigation and evaluation of transmitting patch 
array for satellite measurement by use current developed antenna system is required to 
be confirmed. In order to do that, at first, a final design of a dual band array antenna 
embedded with Tx and Rx switching circuit is performed. Afterwards, following a 
tracking function program is developed, verification on both Tx and Rx arrays 
performance will be done by chamber measurement. Lastly, the array is incorporated 
with the RF system is tested in the field environment to asses the satellite tracking as we 
have performed so far. In consideration with the link budget, the assessment should be 
done from the fixed ground station to mobile station for both of forward and return link, 
including uplink and downlink performances. By conducting uplink and downlink from 
our antenna system (mounted on the vehicle) to the satellite, we can verify the 
performance of our final antenna system. Once this final antenna system is 
accomplished, future mass deployment on mobile satellite communication can be 
considered.  
Other further issues are mainly focus on the investigation and research in the 
planar antenna design for general vehicle system in mobile satellite communications. 
Still, in small antenna design is concerned by utilizing some methods (e.g. higher mode 
operation microstrip antenna) to generate beam at low elevation angle. Then, by 
combining in array configuration, the antenna is expected to deflect its beam to the 
desired direction and reduce the side lobe to minimize the undesired receive or transmit 
signal. Similarly in this research has done, by integrating the antenna with other 
required circuits, to realize a compact and low cost antenna system beyond than the 
current results, in particular smaller dimension. Of course, the antenna is operated both 
for transmit and receive use.  
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Another issue that we do expect to be considered in the near future work is 
integration of mobile satellite communication with current established terrestrial or 
personal mobile communications. One of the considered points to realize such 
technology is a cognitive antenna design. This technology is presently interested in 
radio communications due to radio resource constraint (radio spectrum) while there is 
an increase of applications in today’s technologies. Term of cognitive radio is coined to 
describe radio systems capable of sensing their radio environment and adapting their 
spectrum usage according to that. In cognitive radio system, we need the antenna 
capability to: 
- sense the spectrum (“sensing” antenna) 
- communicate (“reconfigurable communicating” antenna) 
- re-sense the spectrum (“sensing” antenna) 
With this antenna, it is expected to achieve an antenna that can be configured its 
function in accordance with the availability of the communication system. The antenna 
can automatically switch and select its link between terrestrial/cellular and satellite 
based on the position of user. In remote areas, rural or mountainous places, user can 
switch to satellite service, while in urban or suburban area with many buildings exist, 
user can use a cellular service. 
 Finally, a small and smart antenna system is mainly required in the future 
technology. We do hope to achieve it by developing several methods to improve the 
antenna characteristics meet to the designed communication system. 
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Appendix A 
Developed-Tracking Application Program  
 
This appendix declares the developed program for antenna system as described 
in the thesis. The program is built on Visual Basic version 6 platform from Microsoft 
Company. The developed program is a group of listed program embedded on the laptop 
Personal Computer (PC) to control the switching circuit function attached on the 
beneath of the array antenna. By emerging three bias voltages in defined-three rules, the 
switching circuit can be controlled either manually or automatically performed. 
Moreover, two kinds of applications are developed aimed at laboratory and outdoor 
tests using a gyroscope sensor of GPS module and for field measurement using GPS 
receiver of GPS module.  
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A.1 Program for laboratory and outdoor tests 
 
The aim of this program is to evaluate the proposed antenna system which 
composed of array antenna embedded by switching circuit, GPS-Gyro unit and laptop 
PC. In this research, the antenna system performance is employed in the indoor 
measurement (Anechoic Chamber) in particular the beam tracking performance either 
manual or automatic measurement.  
 
Program Composition 
The program consists of two routines codes i.e. Gyro sensor code and Digital to 
Analog (DA) code. Gyro sensor code specifies retrieving the gyro sensor data from the 
GPS-Gyro unit by sending the hexadecimal number format as input data of the 
GPS-Gyro unit. Then, the rotating direction output is converted into decimal number 
and displayed in “string” format. Lastly, the DA code determines which element of the 
antenna should be switch “OFF” and generates three voltages values state to control the 
connected-switching circuit. A menu display of the developed program is shown in Fig. 
A-1. 
 
 
Fig. A-1 Developed application program by use of gyro sensor data 
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- Start of Program - 
============================================================== 
'********************************************************************* 
'This Program is how to communicate the computer with Gyro Sensor by use of  
'Serial Port 
'GPS name: GPS-M1zz from Pioneer Navicom 
'Mode Operation: Pioneer Mode with packet data IDA3 for Gyroscope Sensor 
' 
'                           Made by BASARI 
'      Graduate School of Engineering, Chiba University, Japan 
'                        Doctoral Course Program 
'********************************************************************** 
' 
Public MyNumber As AnyNumBase 
Private ComStatus As Integer 
Private ComCount As Integer 
Private RxDText As String 
Dim ComBuff(10000) As Byte 
Dim DeciNum As String 
Dim Angle As Double 
Const K = 65536 
 
'''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'DA Board Declaration 
'''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    Dim nRet As Long            'Return Function Value 
    Dim lpszName As String        'Device Name 
    Dim hDeviceHandle As Long    'Device Handle 
    Dim hChannel As Long         'Channel Number 
    Dim Config As DASMPLREQ   'Structure of Data Sampling 
    Dim wMax As Integer          'Max Value of Resolution 
    Dim wMin As Integer          'Min Value of Resolution 
    Dim v(2) As Long             'Output Voltage 
    Dim Volt(2) As Long          'Confirmation of DA output Voltage 
    Dim data(2) As Long          'Digital Output 
    Dim vMax As Long            'Max Voltage Range 
    Dim vMin As Long            'Min Voltage Range 
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Private Sub cmdStart_Click() 
      If Option1.Value = True Then 
        Timer1.Enabled = True                'Only Gyro sensor is started up 
            'MSComm1.PortOpen = True 
            Timer1.Interval = 1000 
         ElseIf Option2.Value = True Then 
            oneoff                          'Only 1off 
         ElseIf Option3.Value = True Then 
            twooff                          'Only 2off 
         ElseIf Option4.Value = True Then 
            threeoff                          'Only 3off 
         ElseIf Option5.Value = True Then 
            Timer1.Enabled = True             'Begin to track 
            Timer1.Interval = 1000 
      End If 
End Sub 
 
Private Sub beamswitch() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'DA Board Switch Mechanism 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    Dim flug As Integer 
    flug = 0 
    Select Case Angle 
       Case 0 To 60 
        oneoff                    '0-60 deg for 1OFF 
     flug = 1 
     Case 60 To 180 
     twooff                    '60-180 deg for 2OFF 
       Case 180 To 300 
        threeoff                   '180-300 deg for 3OFF 
       Case 300 To 360 And flug = 0 
         oneoff                    '300-360 deg for 1OFF 
    End Select 
End Sub 
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Private Sub oneoff() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Switch #1OFF -,+,- 
'''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    wMax = &HFFF     '12 bit resolution 
    wMin = &H0       'Resolution 12 bit function 
    vMax = 10        'Max Range 
    vMin = -10       'Min Range 
    v(0) = -3        'Bias Voltage V1 
    v(1) = 3         'Bias Voltage V2 
    v(2) = -3        'Bias Voltage V3 
 
    'Update Analog Output Setting 
    nRet = DaSetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Update Failure" 
        Exit Sub 
    End If 
         
    'Set the Outputs 
    Config.SmplChReq(0).ulChNo = 1           'Used-Channel; we use 3 channels 
    Config.SmplChReq(0).ulRange = DA_10V     'Range Output of DA Board   
 'Bipolar 10V 
    Config.SmplChReq(1).ulChNo = 2 
    Config.SmplChReq(1).ulRange = DA_10V 
    Config.SmplChReq(2).ulChNo = 3 
    Config.SmplChReq(2).ulRange = DA_10V 
     
    'Change to Digital Format 
    data(0) = wMax * (v(0) - vMin) / (vMax - vMin) 
    data(1) = wMax * (v(1) - vMin) / (vMax - vMin) 
    data(2) = wMax * (v(2) - vMin) / (vMax - vMin) 
       
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(0))  
 'Output Channel 1 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(1))  
 'Output Channel 2 
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    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(2))  
 'Output Channel 3 
    Volt(0) = 20 * (data(0) / 4096) - 10        'to check the DA real voltage  
 'output at Channel 1 
    Volt(1) = 20 * (data(1) / 4096) - 10        'Channel 2 
    Volt(2) = 20 * (data(2) / 4096) - 10        'Channel 3 
     
    txtBeam.Text = ("1OFF") 
    txtV1.Text = Str(Volt(0)) & " V" 
    txtV2.Text = Str(Volt(1)) & " V" 
    txtV3.Text = Str(Volt(2)) & " V" 
End Sub 
 
Private Sub twooff() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Switch #2OFF +,OFF,- 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    wMax = &HFFF     '12 bit resolution 
    wMin = &H0       'Resolution 12 bit function 
    vMax = 10        'Max Range 
    vMin = -10       'Min Range 
    v(0) = 3         'Bias Voltage V1 
    v(1) = 0         'Bias Voltage V2 
    v(2) = -3        'Bias Voltage V3 
 
    'Update Analog Output Setting 
    nRet = DaSetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Update Failure" 
        Exit Sub 
    End If 
         
    'Set the Outputs 
    Config.SmplChReq(0).ulChNo = 1           'Used-Channel; we use 3 channels 
    Config.SmplChReq(0).ulRange = DA_10V     'Range Output of DA Board   
 'Bipolar 10V 
    Config.SmplChReq(1).ulChNo = 2 
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    Config.SmplChReq(1).ulRange = DA_10V 
    Config.SmplChReq(2).ulChNo = 3 
    Config.SmplChReq(2).ulRange = DA_10V 
     
    'Change to Digital Format 
    data(0) = wMax * (v(0) - vMin) / (vMax - vMin) 
    data(1) = wMax * (v(1) - vMin) / (vMax - vMin) 
    data(2) = wMax * (v(2) - vMin) / (vMax - vMin) 
       
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(0))  
 'Output Channel 1 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(1))  
 'Output Channel 2 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(2))  
 'Output Channel 3 
    Volt(0) = 20 * (data(0) / 4096) - 10        'to check the DA real voltage  
 'output at Channel 1 
    Volt(1) = 20 * (data(1) / 4096) - 10        'Channel 2 
    Volt(2) = 20 * (data(2) / 4096) - 10        'Channel 3 
     
    txtBeam.Text = ("2OFF") 
    txtV1.Text = Str(Volt(0)) & " V" 
    txtV2.Text = Str(Volt(1)) & " V" 
    txtV3.Text = Str(Volt(2)) & " V" 
End Sub 
 
Private Sub threeoff() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Switch #3OFF +,-,+ 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    wMax = &HFFF     '12 bit resolution 
    wMin = &H0       'Resolution 12 bit function 
    vMax = 10        'Max Range 
    vMin = -10       'Min Range 
    v(0) = 3         'Bias Voltage V1 
    v(1) = -3        'Bias Voltage V2 
    v(2) = 3         'Bias Voltage V3 
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    'Update Analog Output Setting 
    nRet = DaSetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Update Failure" 
        Exit Sub 
    End If 
         
    'Set the Outputs 
    Config.SmplChReq(0).ulChNo = 1           'Used-Channel; we use 3 channels 
    Config.SmplChReq(0).ulRange = DA_10V     'Range Output of DA Board   
 'Bipolar 10V 
    Config.SmplChReq(1).ulChNo = 2 
    Config.SmplChReq(1).ulRange = DA_10V 
    Config.SmplChReq(2).ulChNo = 3 
    Config.SmplChReq(2).ulRange = DA_10V 
     
    'Change to Digital Format 
    data(0) = wMax * (v(0) - vMin) / (vMax - vMin) 
    data(1) = wMax * (v(1) - vMin) / (vMax - vMin) 
    data(2) = wMax * (v(2) - vMin) / (vMax - vMin) 
       
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(0))  
 'Output Channel 1 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(1))  
 'Output Channel 2 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(2))  
 'Output Channel 3 
    Volt(0) = 20 * (data(0) / 4096) - 10        'to check the DA real voltage  
 'output at Channel 1 
    Volt(1) = 20 * (data(1) / 4096) - 10        'Channel 2 
    Volt(2) = 20 * (data(2) / 4096) - 10        'Channel 3 
 
    txtBeam.Text = ("3OFF") 
    txtV1.Text = Str(Volt(0)) & " V" 
    txtV2.Text = Str(Volt(1)) & " V" 
    txtV3.Text = Str(Volt(2)) & " V" 
End Sub 
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Private Sub zerov() 
''''''''''''''''''''''''''''' 
'0V Output 
''''''''''''''''''''''''''''' 
    Dim data(10) As Integer 
        v(0) = 0 
        data(10) = wMax * (v(0) - vMin) / (vMax - vMin)  'Channel 1 Output 
        nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(10)) 
        nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(10)) 
        nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(10)) 
End Sub 
 
Private Sub cmdStop_Click() 
''''''''''''''''''''''''''''''''''''''' 
'Stop the Outputs 
''''''''''''''''''''''''''''''''''''''' 
        If Option1.Value = True Then 
   Timer1.Enabled = False             'in case of sensor still in start up 
            MSComm1.PortOpen = False        'Close Comm port 
            txtAngle.Text = "" 
            txtReceivedData.Text = "" 
         ElseIf Option2.Value = True Then 
            zerov                           '1off 
         ElseIf Option3.Value = True Then 
            zerov                           '2off 
         ElseIf Option4.Value = True Then 
            zerov                            '3off 
         ElseIf Option5.Value = True Then 
            Timer1.Enabled = False             'Tracking is closed 
            zerov 
            MSComm1.PortOpen = False 
            txtReceivedData.Text = "" 
            txtAngle.Text = "" 
            txtBeam.Text = "" 
            txtV1.Text = "" 
            txtV2.Text = "" 
            txtV3.Text = "" 
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         End If 
End Sub 
 
Private Sub Form1_Closed() 
''''''''''''''''''''''''''''''''''''''' 
'Close Operation 
''''''''''''''''''''''''''''''''''''''' 
    ''''''''''''''''''''''''''''''''''''''''''''' 
    'Close RS-232C Port 
    ''''''''''''''''''''''''''''''''''''''''''''' 
    MSComm1.PortOpen = False 
 
    ''''''''''''''''''''''''''''''''''''''''' 
    'Close DA Board 
    ''''''''''''''''''''''''''''''''''''''''' 
    If hDeviceHandle <> -1 Then 
        nRet = DaClose(hDeviceHandle) 
        If nRet <> DA_ERROR_SUCCESS Then 
            MsgBox "Failure Operation to close the Board" 
        End If 
    End If 
End Sub 
 
Private Sub cmdExit_Click() 
 End 
End Sub 
 
Private Sub Timer1_Timer() 
 Text2BinTx txtSendData.Text 
     If Angle < 0 Then 
        Angle = Angle + 360 
     End If 
txtAngle.Text = Format(Angle, "#####0.00") & " deg" 
     If Option5.Value = True Then 
        beamswitch                      'for Tracking 
     End If 
End Sub 
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Private Sub Form_Load() 
 Set MyNumber = New AnyNumBase 
     MSComm1.CommPort = 1 
     MSComm1.Settings = "9600,N,8,1" 
     MSComm1.Handshaking = 0 
     MSComm1.RTSEnable = True 
     MSComm1.InBufferSize = 512 
     MSComm1.OutBufferSize = 512 
     MSComm1.RThreshold = 1 
     MSComm1.InputLen = 1 
     MSComm1.InputMode = comInputModeBinary 
     MSComm1.PortOpen = True 
     
''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Pre-defined DA Board 
''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    lpszName = "FBIDA1" 
    hDeviceHandle = DaOpen(lpszName) 
    If hDeviceHandle = -1 Then 
        MsgBox "Device Failure" 
           End 
    End If 
     
    'Read Analog Output Information 
    nRet = DaGetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Failure" 
        Exit Sub 
    End If 
End Sub 
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''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Gyroscope Data Retrieval 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Serial Receive Operation 
Private Sub MSComm1_OnComm() 
Dim RxD As Byte 
Dim i As Byte 
Dim RxStr As String 
    Do Until MSComm1.InBufferCount = 0 
       RxStr = MSComm1.Input 
       If RxStr = "" Then Exit Sub 
       RxD = AscB(RxStr) 
       Select Case ComStatus 
       'Getting header 10h 
         Case 0 
            If RxD = &H10 Then 
                ComCount = 1 
                ComBuff(ComCount) = RxD 
                ComStatus = 1 
                RxDText = "10" 
            End If 
        'Getting packet ID 
        Case 1 
            If RxD = &H10 Or RxD = &H3 Then 
                'Error 
                ComStatus = 0 
            Else 
                'ID 
                ComStatus = 2 
                ComCount = 2 
                ComBuff(ComCount) = RxD 
                RxDText = RxDText + Right("0" + Hex(RxD), 2) 
            End If 
        'Receiving Packet Data 
        Case 2 
            ComCount = ComCount + 1 
            ComBuff(ComCount) = RxD 
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            RxDText = RxDText + Right("0" + Hex(RxD), 2) 
            If RxD = &H10 Then 
                ComStatus = -1 
            End If 
        'While receiving packet, the following packet is also received 
        Case 3 
        'The processing such as making the buffer double is originally necessary 
        'Before 10h position is adjusted 
        Case -1 
            '2 weighted of 10h 
            If RxD = &H10 Then 
                ComStatus = 2 
            'Terminator 10h 
            ElseIf RxD = &H3 Then 
                ComCount = ComCount + 1 
                ComBuff(ComCount) = RxD 
                RxDText = RxDText + Right("0" + Hex(RxD), 2) 
                txtReceivedData.Text = RxDText 
                ComStatus = 3 
                'Received packet is calculated 
                PktChk 
                ComStatus = 0 
            'Error data is analyzed 
            Else 
                ComStatus = 0 
            End If 
        End Select 
        DoEvents 
     Loop 
    Debug.Print RxDText    
'Change Hex number to Dec number 
    MyNumber.HexNum = Mid(RxDText, 11, 4) 
    DeciNumStr = MyNumber.DeciNum 
    DeciNum = Val(DeciNumStr) 
Angle = DeciNum * 360 / K 
Debug.Print Angle   'To check the output data on the debugger 
End Sub 
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'Received packet is analyzed 
Private Sub PktChk() 
    Select Case ComBuff(2) 
     Case &HA3       
    End Select 
End Sub 
'Serial Transmit Operation 
'"10 75 ...10 03" 10  'Binary Data is sent in text type 
Private Sub Text2BinTx(TxString As String) 
Dim Txd(0) As Byte 
Dim j As Integer 
    '10h 
    TxDLE 
    'ID 
    Txd(0) = Val("&h" + Mid(TxString, 4, 2)) 
    MSComm1.Output = Txd     
    'Data 
    For j = 3 To (Len(TxString) + 1) / 3 - 2 
        Txd(0) = Val("&h" + Mid(TxString, j * 3 - 2, 2)) 
        MSComm1.Output = Txd 
        'Send 10h repeatedly 
        If Txd(0) = &H10 Then MSComm1.Output = Txd 
    Next 
    '10h,03h 
    TxDLE 
    TxEXT     
End Sub 
 
Private Sub TxDLE() 
Dim Txd(0) As Byte 
    Txd(0) = &H10 
    MSComm1.Output = Txd 
End Sub 
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Private Sub TxEXT() 
Dim Txd(0) As Byte 
    Txd(0) = &H3 
    MSComm1.Output = Txd 
End Sub 
 
'Some modules and class modules do not included here because of their long declaration 
============================================================== 
- End of Program - 
 
 
A.2  Program for field measurement using a geostationary satellite 
 
The aim of this proposed program is to evaluate the antenna system in the 
outdoor measurement (using satellite) in particular the beam tracking performance 
either manual or automatic measurement.  
 
Program Composition 
The program is a combination of two routines codes i.e. GPS retrieval code and 
Digital to Analog (DA) code. GPS retrieval code specifies parsing the GPS data 
sentence types (GGA, VTG, GSA, and GSV) from the GPS unit into some required 
GPS data (bearing, longitude, latitude, speed, time, etc). Then, such data is input to the 
DA subroutine to process in advance aimed at “Beam Switching Mechanism” for 
controlling the switching circuit. A menu display of the developed program is shown in 
Fig. A-2. 
 
 
Fig. A-2 Developed application program by use of GPS data sentence 
 
 Appendix A 
 
 Development of Simple Antenna System for Land Mobile Satellite Communications 
  
- 180 - 
 
   - Start of Program - 
============================================================== 
'********************************************************************* 
'This Program is how to communicate the computer with GPS data by use of  
'Serial Port 
'GPS name: GPS-M1zz from Pioneer Navicom 
'Mode Operation: NMEA Mode for GPS standard operation 
' 
'                           Made by BASARI 
'      Graduate School of Engineering, Chiba University, Japan 
'                        Doctoral Course Program 
'********************************************************************** 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'GPS Data Format Declaration 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
Dim objGGA As GGA 'GGA data format  
Dim objVTG As VTG 'VTG data format 
Dim objGSA As GSA 'GSA data format 
Dim objGSV As GSV 'GSV data format 
 
Dim strKakudo As String       'Bearing as string format  
Dim Kakudo As Single          'Bearing as mathematical data  
 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
Declaration of Elevation and Azimuth Angle Calculation 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
Dim LatCt As Single   'Latitude of city 
Dim LongCt As Single   'Longitude of city 
Dim ElResult As Double   'Elevation of city 
Dim AzResult As Double   'Azimuth of city 
Dim LatCtRad As Double   'Latitude in radians 
Dim LongCtRad As Double   'Longitude in radians 
Dim LatSatRad As Double   'Latitude of ETS satellite in radians 
Dim LongSatRad As Double   'Longitude of ETS satellite in radians 
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'Axis coordinates declaration for calculating Az and El 
Dim Sbx1 As Double 
Dim Sby1 As Double 
Dim Sbz1 As Double 
 
Dim Sbx2 As Double 
Dim Sby2 As Double 
Dim Sbz2 As Double 
 
Dim Sbx3 As Double 
Dim Sby3 As Double 
Dim Sbz3 As Double 
     
'Constant declaration 
Const EarthRds As Integer = 6378   'Earth radius 
Const SatDist As Double = 42200  'Satellite distance from the earth 
Const LatSat As Integer = 0  'Latitude of ETS satellite 
Const LongSat As Integer = 146  'Longitude of ETS satellite 
Const Pi = 3.1416 
Const vbKeyDecPt = 46    'for “decimal” key ASCII 
 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'DA Board Declaration 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
Dim nRet As Long             'Return function value 
Dim lpszName As String       'Device name 
Dim hDeviceHandle As Long    'Device handle 
Dim hChannel As Long         'Channel number 
Dim Config As DASMPLREQ      'Structure of data sampling 
Dim wMax As Integer          'Max value of resolution 
Dim wMin As Integer          'Min value of resolution 
Dim v(2) As Long             'Output voltage 
Dim Volt(2) As Long          'Confirmation of DA output voltage 
Dim data(2) As Long          'Digital output 
Dim vMax As Long           'Max voltage range 
Dim vMin As Long             'Min voltage range 
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Private Sub form_load() 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Load Data from GPS unit 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    MSComm1_OnComm 
     
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Pre-defined DA Board 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    lpszName = "FBIDA1" 
    hDeviceHandle = DaOpen(lpszName) 
    If hDeviceHandle = -1 Then 
        MsgBox "Device Failure" 
        End 
    End If 
     
    'Read Analog Output Information 
     
    nRet = DaGetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Failure" 
        Exit Sub 
    End If 
End Sub 
 
Private Sub Form_Unload(Cancel As Integer) 
    If MSComm1.PortOpen = True Then MSComm1.PortOpen = False 
End Sub 
 
Private Static Sub MSComm1_OnComm() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'GPS Data Retrieval Setting 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    MSComm1.RThreshold = 128 
    MSComm1.Settings = "4800,N,8,1"  'NMEA mode 
    If MSComm1.PortOpen = False Then MSComm1.PortOpen = True 
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''''''''''''''''''''''''''''''''''''''''''''' 
'Retrieve GPS Data 
''''''''''''''''''''''''''''''''''''''''''''' 
    Dim strBuffer As String 
    Select Case MSComm1.CommEvent 
        Case comEvReceive       'Received RThreshold # of chars. 
        strBuffer = MSComm1.Input 
        txtGPSData.Text = txtGPSData.Text & strBuffer 
'Go to sub routine ParseSentence in the specified module 
'to parse required GPS data format 
        Call ParseSentence(strBuffer, objGGA, objVTG, objGSA, objGSV) 
txtTime.Text = Left(objGGA.strUttcTime, 2) & ":" & 
Mid(objGGA.strUttcTime, 3, 2) & " UTC" 
txtLat.Text = Left(objGGA.varLatitude, 2) & ":" & Mid(objGGA.varLatitude, 
3, 2) & "." & Mid(objGGA.varLatitude, 6, 3) & ":" & 
objGGA.strNSIndicator 
         
 txtLong.Text = Left(objGGA.varLongitude, 3) & ":" & 
Mid(objGGA.varLongitude, 4, 2) & "." & Mid(objGGA.varLongitude, 7, 3) 
& ":" & objGGA.strEWIndicator 
         
       txtSpeed.Text = objVTG.strSpeed2 & " " & objVTG.strSpeedUnit2 & "ph" 
        strKakudo = objVTG.strCourse1 
        txtAngle.Text = strKakudo & " deg" 
  
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Calculating Az and El from retrieved longitude and latitude data of GPS  
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
     Dim LatCt_deg As String 
     Dim LatCt_mnt As String 
     Dim LongCt_deg As String 
     Dim LongCt_mnt As String 
        LatCt_deg = Left(objGGA.varLatitude, 2) 
 LatCt_mnt = Mid(objGGA.varLatitude, 3, 2) & "." & 
Mid(objGGA.varLatitude, 6, 3) 
        LatCt = Val(LatCt_deg) + (Val(LatCt_mnt)) / 60 
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        LongCt_deg = Left(objGGA.varLongitude, 3) 
 LongCt_mnt = Mid(objGGA.varLongitude, 4, 2) & "." & 
Mid(objGGA.varLongitude, 7, 3) 
        LongCt = Val(LongCt_deg) + (Val(LongCtmnt)) / 60 
                 
        'Radian format conversion 
        LatCtRad = LatCt * Pi / 180 
        LongCtRad = LongCt * Pi / 180 
        LatSatRad = LatSat * Pi / 180 
        LongSatRad = LongSat * Pi / 180 
        'Coordinates calculation 
        Sbx1 = SatDist * Math.Cos(LatSatRad) * Math.Cos(LongSatRad) - EarthRds 
* Math.Cos(LatCtRad) * Math.Cos(LongCtRad) 
        Sby1 = SatDist * Math.Cos(LatSatRad) * Math.Sin(LongSatRad) - EarthRds 
* Math.Cos(LatCtRad) * Math.Sin(LongCtRad) 
        Sbz1 = SatDist * Math.Sin(LatSatRad) - EarthRds * Math.Sin(LatCtRad) 
 
        Sbx2 = Sbx1 * Math.Cos(LongCtRad) + Sby1 * Math.Sin(LongCtRad) 
        Sby2 = Sbx1 * -Math.Sin(LongCtRad) + Sby1 * Math.Cos(LongCtRad) 
        Sbz2 = Sbz1 
 
        Sbx3 = Sbx2 * Math.Sin(LatCtRad) + Sbz2 * -Math.Cos(LatCtRad) 
        Sby3 = Sby2 
        Sbz3 = Sbx2 * Math.Cos(LatCtRad) + Sbz2 * Math.Sin(LatCtRad) 
 
        'Getting azimuth and elevation  
        AzResult = Math.Round(180 - (Math.Atn(Sby3 / Sbx3) * 180 / Pi), 1) 
        ElResult = Math.Round((Math.Atn(Sbz3 / Math.Sqr(Sbx3 ^ 2 + Sby3 ^ 2))) * 
180 / Pi, 1) 
 
        'Calculation results 
        txtEl.Text = "El = " & Format(ElResult, "#####0.00") & " deg" 
        txtAz.Text = "Az = " & Format(AzResult, "#####0.00") & " deg" 
    End Select 
End Sub 
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Private Sub cmdStart_Click() 
     If Option1.Value = True Then 
         Timer1.Enabled = True                 'GPS start up 
         MSComm1.PortOpen = True 
     ElseIf Option2.Value = True Then 
         oneoff                               '1off 
     ElseIf Option3.Value = True Then 
         twooff                               '2off 
     ElseIf Option4.Value = True Then 
         threeoff                              '3off         
ElseIf Option5.Value = True Then 
Timer1.Enabled = True               'Start to track            
MSComm1.PortOpen = True 
         Timer1.Interval = 1000 
         If imgBeam.Visible = False Then 
            imgBeam.Visible = True 
         End If               
     End If         
End Sub 
 
Private Sub Timer1_Timer() 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Request to send data from GPS 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    Kakudo = Val(strKakudo)                    
    If Kakudo < 0 Then 
      Kakudo = Kakudo + 360 
    End If 
    txtAngle.Text = Kakudo & " deg"              'Direction is viewed 
     
    If Option5.Value = True Then 
      beamswitch                       'Go to beamswitch sub routine  
    End If 
End Sub 
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Private Sub beamswitch() 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Switching mechanism operation 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    Dim flug As Integer 
    flug = 0 
     
Select Case Kakudo 
    Case 0 To 60 
        oneoff                     '0-60 deg for 1OFF 
        flug = 1 
    Case 60 To 180 
        twooff                       '60-180 deg for 2OFF         
    Case 180 To 300     
        threeoff                      '180-300 deg for 3OFF     
    Case 300 To 360 And flug = 0     
        oneoff                       '300-360deg for 1OFF 
    End Select 
End Sub 
 
Private Sub oneoff() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Switch #1OFF -,+,- 
'''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    wMax = &HFFF     '12 bit resolution 
    wMin = &H0       'Resolution 12 bit function 
    vMax = 10        'Max Range 
    vMin = -10       'Min Range 
    v(0) = -3        'Bias Voltage V1 
    v(1) = 3         'Bias Voltage V2 
    v(2) = -3        'Bias Voltage V3 
'Update Analog Output Setting 
    nRet = DaSetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Update Failure" 
        Exit Sub 
    End If 
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    'Set the Outputs 
    Config.SmplChReq(0).ulChNo = 1           'Used-Channel; we use 3 channels 
    Config.SmplChReq(0).ulRange = DA_10V     'Range Output of DA Board   
 'Bipolar 10V 
    Config.SmplChReq(1).ulChNo = 2 
    Config.SmplChReq(1).ulRange = DA_10V 
    Config.SmplChReq(2).ulChNo = 3 
    Config.SmplChReq(2).ulRange = DA_10V 
     
    'Change to Digital Format 
    data(0) = wMax * (v(0) - vMin) / (vMax - vMin) 
    data(1) = wMax * (v(1) - vMin) / (vMax - vMin) 
    data(2) = wMax * (v(2) - vMin) / (vMax - vMin) 
       
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(0))  
 'Output Channel 1 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(1))  
 'Output Channel 2 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(2))  
 'Output Channel 3 
    Volt(0) = 20 * (data(0) / 4096) - 10        'to check the DA real voltage  
 'output at Channel 1 
    Volt(1) = 20 * (data(1) / 4096) - 10        'Channel 2 
    Volt(2) = 20 * (data(2) / 4096) - 10        'Channel 3 
     
    txtBeam.Text = ("1OFF") 
    txtV1.Text = Str(Volt(0)) & " V" 
    txtV2.Text = Str(Volt(1)) & " V" 
    txtV3.Text = Str(Volt(2)) & " V" 
 
imgBeam.Picture = LoadPicture("d:\beam1off.bmp") 
 
End Sub 
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Private Sub twooff() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Switch #2OFF +,OFF,- 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    wMax = &HFFF     '12 bit resolution 
    wMin = &H0       'Resolution 12 bit function 
    vMax = 10        'Max Range 
    vMin = -10       'Min Range 
    v(0) = 3         'Bias Voltage V1 
    v(1) = 0         'Bias Voltage V2 
    v(2) = -3        'Bias Voltage V3 
 
'Update Analog Output Setting 
    nRet = DaSetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Update Failure" 
        Exit Sub 
    End If 
         
    'Set the Outputs 
    Config.SmplChReq(0).ulChNo = 1           'Used-Channel; we use 3 channels 
    Config.SmplChReq(0).ulRange = DA_10V     'Range Output of DA Board   
 'Bipolar 10V 
    Config.SmplChReq(1).ulChNo = 2 
    Config.SmplChReq(1).ulRange = DA_10V 
    Config.SmplChReq(2).ulChNo = 3 
    Config.SmplChReq(2).ulRange = DA_10V 
     
    'Change to Digital Format 
    data(0) = wMax * (v(0) - vMin) / (vMax - vMin) 
    data(1) = wMax * (v(1) - vMin) / (vMax - vMin) 
    data(2) = wMax * (v(2) - vMin) / (vMax - vMin) 
       
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(0))  
 'Output Channel 1 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(1))  
 'Output Channel 2 
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    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(2))  
 'Output Channel 3 
    Volt(0) = 20 * (data(0) / 4096) - 10        'to check the DA real voltage  
 'output at Channel 1 
    Volt(1) = 20 * (data(1) / 4096) - 10        'Channel 2 
    Volt(2) = 20 * (data(2) / 4096) - 10        'Channel 3 
     
    txtBeam.Text = ("2OFF") 
    txtV1.Text = Str(Volt(0)) & " V" 
    txtV2.Text = Str(Volt(1)) & " V" 
    txtV3.Text = Str(Volt(2)) & " V" 
 
imgBeam.Picture = LoadPicture("d:\beam2off.bmp") 
 
End Sub 
 
Private Sub threeoff() 
''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
'Switch #3OFF +,-,+ 
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
    wMax = &HFFF     '12 bit resolution 
    wMin = &H0       'Resolution 12 bit function 
    vMax = 10        'Max Range 
    vMin = -10       'Min Range 
    v(0) = 3         'Bias Voltage V1 
    v(1) = -3        'Bias Voltage V2 
    v(2) = 3         'Bias Voltage V3 
  
'Update Analog Output Setting 
    nRet = DaSetSamplingConfig(hDeviceHandle, Config) 
    If nRet <> DA_ERROR_SUCCESS Then 
        MsgBox "Analog Output Update Failure" 
        Exit Sub 
    End If 
         
    'Set the Outputs 
    Config.SmplChReq(0).ulChNo = 1           'Used-Channel; we use 3 channels 
 
 Appendix A 
 
 Development of Simple Antenna System for Land Mobile Satellite Communications 
  
- 190 - 
 
    Config.SmplChReq(0).ulRange = DA_10V     'Range Output of DA Board   
 'Bipolar 10V 
    Config.SmplChReq(1).ulChNo = 2 
    Config.SmplChReq(1).ulRange = DA_10V 
    Config.SmplChReq(2).ulChNo = 3 
    Config.SmplChReq(2).ulRange = DA_10V 
     
    'Change to Digital Format 
    data(0) = wMax * (v(0) - vMin) / (vMax - vMin) 
    data(1) = wMax * (v(1) - vMin) / (vMax - vMin) 
    data(2) = wMax * (v(2) - vMin) / (vMax - vMin) 
       
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(0))  
 'Output Channel 1 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(1))  
 'Output Channel 2 
    nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(2))  
 'Output Channel 3 
    Volt(0) = 20 * (data(0) / 4096) - 10        'to check the DA real voltage  
 'output at Channel 1 
    Volt(1) = 20 * (data(1) / 4096) - 10        'Channel 2 
    Volt(2) = 20 * (data(2) / 4096) - 10        'Channel 3 
 
    txtBeam.Text = ("3OFF") 
    txtV1.Text = Str(Volt(0)) & " V" 
    txtV2.Text = Str(Volt(1)) & " V" 
    txtV3.Text = Str(Volt(2)) & " V" 
     
    imgBeam.Picture = LoadPicture("d:\beam3off.bmp") 
     
End Sub 
 
Private Sub zerov() 
'''''''''''''''''''''''''' 
'0V output 
'''''''''''''''''''''''''' 
    Dim data(10) As Integer 
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        v(0) = 0 
        data(10) = wMax * (v(0) - vMin) / (vMax - vMin) 'CH1 output 
 
        nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(0), data(10)) 
        nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(1), data(10)) 
        nRet = DaOutputDA(hDeviceHandle, 1, Config.SmplChReq(2), data(10)) 
End Sub 
 
Private Sub cmdStop_Click() 
''''''''''''''''''''''''''''''''''''''' 
'Stop the Output 
''''''''''''''''''''''''''''''''''''''' 
     If Option1.Value = True Then 
         Timer1.Enabled = False                 'If only GPS operation 
         MSComm1.PortOpen = False             'Close Comm port 
         txtAngle.Text = "" 
         txtEl.Text = "" 
         txtAz.Text = "" 
         txtGPSData.Text = "" 
         txtLat.Text = "" 
         txtLong.Text = "" 
         txtTime.Text = "" 
         txtSpeed.Text = "" 
     ElseIf Option2.Value = True Then 
         zerov                                '1off 
     ElseIf Option3.Value = True Then 
         zerov                                '2off 
     ElseIf Option4.Value = True Then 
         zerov                                '3off 
     ElseIf Option5.Value = True Then 
         Timer1.Enabled = False                 'Tracking 
         zerov 
         MSComm1.PortOpen = False 
         txtAngle.Text = "" 
         txtEl.Text = "" 
         txtAz.Text = "" 
         txtGPSData.Text = "" 
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         txtLat.Text = "" 
         txtLong.Text = "" 
         txtTime.Text = "" 
         txtSpeed.Text = "" 
         txtBeam.Text = "" 
         txtV1.Text = "" 
         txtV2.Text = "" 
         txtV3.Text = "" 
         txtBeam2.Text = "" 
         imgBeam.Visible = False 
     End If 
End Sub 
 
Private Sub Form1_Closed() 
''''''''''''''''''''''''''''''''''''''''' 
'Close Operation 
''''''''''''''''''''''''''''''''''''''''' 
    MSComm1.PortOpen = False  'Close RS-232C Port 
     
    'Close DA Board 
    If hDeviceHandle <> -1 Then 
        nRet = DaClose(hDeviceHandle) 
        If nRet <> DA_ERROR_SUCCESS Then 
            MsgBox "Failure Operation to close the Board"                  
End If 
    End If 
End Sub 
 
Private Sub cmdExit_Click() 
End 
End Sub 
 
'Some modules and class modules do not included here because of their long declaration 
============================================================== 
- End of Program - 
